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Part I. 
GENERAL OUTLINE OF THE INVESTIGATION. 



The investigation to be described in the following series of articles was 
undertaken for the purpose of studying through a wide range of tempera- 
ture, extending from 18° to the critical temperature and above, the elec- 
trical conductivity of aqueous solutions and such other physical and chem- 
ical properties of them as are related to it or can be determined through 
measurements of it Aside from its direct physical significance, it is well 
known that the electrical conductivity of solutions is a property of funda- 
mental importance in connection with the ionic theory; for it gives the 
simplest and most direct measure of the ionization of substances, upon 
which their chemical behavior in solution depends. A full investigation of 
this property at all temperatures would therefore furnish a comprehensive 
knowledge of the chemical equilibrium of dissolved substances in water; 
and if supplemented by determinations of the solubility of solid salts, which 
determinations can also be made by measuring the conductance of their 
saturated solutions, a fairly complete basis for the development of the 
chemistry of aqueous solutions of electrolytes would be obtained. 

A large ntmiber of such investigations had previously been carried out at 
ordinary temperatures, especially at 0°, 18°, and 25°, and a few of them had 
been extended to somewhat higher temperatures; yet even at 100°, where 
the results have much practical importance owing to the frequent use of 
boiling solutions and owing to the fact that it is the limiting temper- 
ature attainable in open vessels, few, if any, accurate data had been 
obtained owing to the difficulties arising from evaporation and from con- 
taminatiMi when glass vessels are used. This teny)eaTrtare has therefore 
been selected in this investigation as one of those at which each substance 
will be studied. Above 100" only a few isolated conductivity measure- 
ments have been published.* Yet the solubility of substances and their 
chemical condition in solution at these higher temperatures is of much 
importance, not only from the standpoint of physical and chemical science, 
but also from that of chemical geology and the chemical technology of 
reactions under pressure. 

•Thus Sack (Wied. Ann., 43, 312-234, 1891) investigated the conductivity o£ 
three copper sulphate solutions up to 120°, Maltby (Z. phys. Cheni., 18, 155, 
180B) found that upon heating up to 237° the conductance of an aqueous potassium 
chloride solution steadily diminished. Hagenbach {Drude's Ann.. 6, 276-312. 
1901) observed a maximuro in the equivalent conductance of a 0.01 normal KQ 
solution. In all ot these experiments the conductivity cell was made of glass and 
was necessarily very small; therefore, owing to the solubility of glass at these 
temperatures and to the danger of polarization of the small electrodes used, the 
results have little significance. 
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4 Conductivity of Aqueous Solutiotts. — Part I. 

It was not, however, primarily the direct value, however great, of the 
physical and chemical constants of specific substances at high tempera- 
tures that led to this investigation, but rather the hope that, by determining 
them under widely varied conditions of temperature and pressure, general 
principles might be established relating to the influence of these factors on 
the migration-velocity of ions, on the ionization of dissolved substances of 
different types and of water itself, on the hydrolytic dissociation of salts 
of weak acids or bases, and on the solubility of substances, and that rela- 
tions might be shown to exist between some of these properties and other 
properties of the solvent, such as its density, viscosity, and dielectric con- 
stant. Additional light nught also be thrown on the cause of the complete 
divergence of the change in the ionization of largely Ionized compounds 
with the concentration from the requirements of the mass-action law* — a 
divergence which constitutes one of the most serious imperfections of the 
theory of solutions, and which may well conceal a discovery of great 
importance. 

The first and most difticult part of this research consisted in the con- 
struction of a conductivity vessel composed internally of material unacted 
upon by aqueous solutions and capable of withstanding without leakage 
the high vapor-pressure of such solutions up to the critical temperature. 
This portion of the work was carried out by Dr. W, D. Coolidge. After 
three years' continuous work upon this problem, the mechanical difficulties 
were overcome and a platinum-lined bomb with insulated electrodes was 
constructed which remains perfectly tight at any rate up to 306°, which 
occasions only an unimportant contamination even in salt solutions as 
dilute as j^ normal, which yields conductivity measurements accurate 
to 0.S per cent, or less, and which at the same time makes possible specific- 
volume determinations, which are essential to the interpretation of the 
results. Now that a knowledge of the necessary mechanical devices has 
been acquired, the making of such a bomb is an easy task for a skilled 
instrument^naker. Therefore, in Part II of this publication will be first 
described in full detail, with the help of working drawings, the apparatus 
used in the first measurements, and especially the construction of the 
bomb, in order to make it readily available for investigators who desire 
to pursue researches of the same kind or those requiring similar apparatus 
(such, for example, as a calorimetric bomb). This description, t(^ether 
with the results with sodium and potassium chlorides referred to in the 
next paragraph, was published in November, 1903, in the Proceedings of 
the American Academy of Arts and Sciences.f It is reproduced here, in 

'For a briei general discussion of this matter, see Noyes. Congress of Arts and 
Sciences, 4, 311-323 (1904) ; Science, 20, 577-587 (191M) ; reviewed in Z. phys Chem 
52, 834-636 (1905). f J . 

fProc Am. Acad., 39, 181-219 (1903). Also in Z. phys. Chem., 48, 323-378, and 
m somewhat abbreviated form in J. Am. Chem. Soc.. 28, 134-170. 
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General Ouitine of the Investigation. 5 

• somewhat revised form, for the sake of completeness and on account of 
its dose relation to the new material that is to be presented. 

I desire in this connection to express my great indebtedness to the 
American Academy for the liberal grants made to me from the Rumford 
Fund in the early stages of the work. 

During the past four years the work has been continued under the 
auspices of the Carnegie Institution of Washington, and its progress has 
been largely due to the assistance thus afforded. I have also been fortu- 
nate in having had associated with me a number of able research workers, 
by whom the work has been prosecuted on its different sides. 

With this apparatus and method in its original form, conductance and 
specific-volume measurements were made by Dr. W, D. Coolidge and 
myself with two substances, sodium and potassium chlorides, at various 
temperatures between 26° and 306° and at various concentrations between 
0.1 and 0.0006 normal. The results of these experiments are also pre- 
sented in Part II. Since their original publication several corrections of a 
minor character have been applied to the data. 

As was to be expected a niunber of important improvements in the 
apparatus and method suggested themselves in the course of these experi- 
ments, and these were subsequently worked out by Dr. Coolidge, who 
presents a description of them for the first time in Fart III of this publi- 
cation. The method is now being further developed so as to adapt it to 
still higher temperatures extending above the critical one, where a control 
of the pressure, entire elimination of the vapor space in the bomb, and 
measurements at small intervals of temperature will be essential. 

Mr. A. C. Melcher has made measurements with another salt of the 
uni-univalent di-ionic type (silver nitrate), and has then extended the 
investigation to salts of other types (potassium sulphate, barium nitrate, 
and magnesium sulphate), at a series of temperatures up to 306", namely, 
18°, 100°, 156°, »18°, 881°, and 306'. The results of these experiments, 
as well as some additional ones with sodium and potassium chlorides, are 
presented in Part IV, 

Dr. H. C. Cooper, Mr. Yogoro Kato, and Mr. R. B. Sosman have 
studied the conductivity and ionization up to S18° of certain acids and 
bases; namely, of hydrochloric and acetic acids and of sodium and ammo- 
nium hydroxides. They have also determined by conductivity measure- 
ments the hydrolysis of sodium acetate at 218° and that of ammonium 
acetate at 100°, 156°, and 218°, and have calculated therefrom at these 
temperatures the ionization-constant of water itself, upon which in large 
measure the phenomenon of hydrolysis depends. This work is described 
in Parts V, VI, and VII ; the share of each investigfator being indicated 
under the separate titles of these parts. Mr. R. B. Sosman has made an 
entirely similar series of measurements at 306° with ammonium hydroxide. 
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6 Conductivity of Aqueous Solutiotts. — Part I. 

acetic acid, and anunonium acetate, and has derived from them the ioniza- 
tion of water at that temperature. The results are also presented in 
Part VII. 

Mr. G. W. Eastman has investigated a number of other acids, namely, 
nitric, phosphoric, and sulphuric acids, and potassium hydrogen sulphate, 
and the base, barium hydroxide, at 25° or 28° intervals from 18' to 156', 
and has extended some of these measurements and the previous ones with 
hydrochloric acid to 260° and 306°. The data and conclusions in regard 
to these substances are presented in Part VIII. 

In order to obtain at temperatures of 0° to 26° values for the ionization 
of water more accurate than those previously existing, Dr. C. W. Kanolt 
has studied by the same conductivity method as was used with ammonium 
acetate at higher temperatures the hydrolysis of an ammonium salt of a 
much weaker acid, diketotetrahydrothiazole. The results of this work 
are presented in Part IX. 

Only a beginning has been made in the study of the solubility of salts 
at high temperatures. Dr. Wilhebn Bot^r has, however, already deter- 
mined that of three difficultly soluble silver salts at 100°, and the results 
are recorded in Part X. 

It has also seemed advisable to include in this publication an account of 
a research carried out by Mr. Yogoro Kato and myself with the view of 
determining the equivalent conductance of the hydrogen ion ; for though 
this consisted in transference experiments at 20° with nitric acid of 
various concentrations, and was thus distinct as far as the method is 
concerned from the other researches to be here described, yet the knowl- 
edge furnished by it has a direct bearing on the interpretation of conduc- 
tivity results. The investig^ation is described in Part XI, It is entirely 
analc^us to one previously made with hydrochloric acid by Noyes and 
Sammet* for the same purpose. 

Finally a general summary and discussion of the more important results 
of the whole series of investigations are presented in Part XII. 

The reader who is interested only in the more general conclusions 
drawn from the work is recommended to turn at once to this summary in 
Part XII. Anyone who desires fuller information in regard to the con- 
ductivity and ionization of the specific substances and to the method of 
discussion of the results will find this information as a rule in the last 
five or six sections of the separate parts. The earlier sections in each 
part are devoted to a detailed description of the experiments and presen- 
tation of the original data, and will be of interest principally to investi- 
gators who desire to make similar experiments and to those who wish to 
criticize the results or form an estimate of their accuracy. 

•The Equivalent Conductivity of the Hydrogen Ion derived from Transference 
ExperiraenU with Hydrodiloric Acid. J. Am. Chem. Soc., 24, 944-96S (1902), or 
Z. phys. Chem., 43, 49-74 (1903). 
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Part U. 

Original Apparatus and Method. Conductivity 

AND Ionization of Sodium and Potassium 

Chlorides up to 306°. 

By Arthur A. Noybs and Willum D. Coolidgb. 
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Part II. 
ORIGINAL APPARATUS AND METHOD. CONDUCTIVITY AND IONIZA- 
TION OF SODIUM AND POTASSIUM CHLORIDES UP TO 306°. 



I. THE OWnXJCnVITY VESSEL OR BOMB. 

A vertical section of the conductivity vessel used throughout these inves- 
tigations is shown in half size in fig. 1. It is a cylindrical vessel A, with a 
cover B, which is held in place by the large nut C. A, B, and C are made 
of soft crucible steel. To prevent contamination, the bomb is lined 
throughout with sheet platinum 0.41 mm. thick. The cover joint is made 
tight by a little packing ring, made of pure gold wire, which fits into a 
shallow V-shaped groove. As may be seen in the diagram, tlie platinum 
lining, indicated by a heavy line, goes under this ring and a little distance 
beyond it, the outer edge being fastened to the shell by eight small steel 
screws, of which two are shown. The lower vessel has a capacity of 
about 132 c.cm. 

The body of the bomb serves as one electrode, connection being made 
with it by means of the large binding post on top of the nut C, The 
second electrode is brought in through the bottom of the bomb and is 
insulated from the latter by means of the mica washer M, the air space 
S, and the quartz-crystal piece Q. The body of this electrode is of 
steel, but its upper part is covered with sheet platinum. On the bottom 
of the crystal piece is turned a single sharp V-shaped ridge, and this 
rests on a flat gold washer which is inserted between the crystal and the 
bottom of the bomb. Another gold washer is placed between the upper 
part of the electrode and a second V-shaped ridge turned on the upper 
face of the crystal. The nut N fitting on the lower, threaded end of the 
electrode, draws the latter down, thus forcing the ridges of the crystal into 
the soft gold and making the joints tight. Z is a brass washer which by 
its greater expansion-coefficient makes up for the difference in the expan- 
sion, upon heating, of the quartz-crystal and of that part of the steel 
electrode which lies within. The second nut, on the lower end of the elec- 
trode, serves to bolt on 3 small copper tag to which the wire L, is silver- 
soldered. The quartz piece Q is extended in the form of a cup above the 
electrode, so as to increase the resistance-capacity of the cell. 

In the cover 5 is a narrow cylindrical chamber provided with an 
"auxiliary electrode," which is insulated in just the same way as the lower 
electrode. The purpose of this small chamber with the auxiliary electrode 
is twofold: first, it serves as a safety device, showing that the bomb has 
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not become completely full of liquid ; and secondly, it furnishes a means 
of measuring the specific volume of the solutions. The first provision is 
necessary since the bomb is designed to withstand the vapor pressure, but 
not the fluid pressure of the liquid. A knowledge of tfie specific volume 
is required in order to calculate the equivalent from the observed conduct- 
ance. A measurement of the resistance between L, and L,, together with 
a measurement of that between L^ 
and Lj, when preceded by a calibra- 
tion which may be made once for 
all, shows, as will be explained 
more fully in section 8, at any time 
after the solution has expanded suf- 
ficiently to come into contact with 
the auxiliary electrode, just how 
high the liquid stands, and therefore 
how much vapor space remains. 

The small platinum tube Ti serves 
to exhaust the air from the bomb. 
The method of doing this will be 
apparent from the diagram and the 
following description. The hollow 
screw K is connected by means of 
rubber tubing with a Richards 
water pump, and is at first raised so 
, that air can come out under the 
little steel bicycle ball which rests 
on the upper end of the platinum 
tube. After the air is removed until 
a pressure gauge shows a pressure 
within of about 2 cm., and while the 
pump is still in operation, the part 
K is screwed down, thus forcing the 
p^ I, steel ball upon its seat and closing 

the end of the tube. 
The solution comes into contact with nothing but platinum, quartz- 
crystal, and gold, except at the top of the narrow tube, 7",, where it may 
touch the steel ball. The latter could be gold-plated ; but this has proved 
unnecessary, since there is scarcely any circulation through the narrow 
tube. 

The lower electrode, as well as the auxiliary electrode and its sur- 
rounding tube, are well platinized. The body of the lining is not platin- 
ized, since on account of its great surface this is not necessary. 
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2. THE CCTJDUCnVITY MEASURING APPARATUS. 

The conductance was measured by the ordinary Kohlrausch-Wheat- 
stone bridge method, using the induction coil and telephone. The slide 
wire was of platinum-iridium ; it was 1 meter in length and 0.4 mm. in 
diameter. The resistance coils, 3,000 ohms in all (or 4,000 ohms in a few 
measurements), were of manganine. The whole conductivity apparatus 
was mounted on a small portable table so that it could be moved about as 
the bomb was changed from one heating bath to another. It was always 
kept at a distance from the heaters. No temperature correction needed 
to be applied to the resistance coils. Heavy flexible copper leads were 
used up to within a few centimeters of the top of the heaters, where they 
were joined by means of brass connectors to the smaller copper wires, 
/.„ L„ Lf, coming from the bomb. A double-throw switch served to con- 
nect the conductivity apparatus with L, and L, or with L^ and L,. 

3. THE ra^ATEilS. 

Conductance measurements were made at about 36°, 140°, 318°, 381°, 
and 306°. The first of these temperatures was attained by immersing the 
bomb in a bath of commercial xylene contained in a double-walled, well- 
jacketed, metal cylinder. This substance has the advantages that it is a 
good insulator, non-corrosive, and not very volatile, and that the bomb can 
be transferred from it directly, without cleaning, into the xylene-vapor 
bath by which the next higher temperature is attained. The liquid was 
stirred by a small propeller, and was heated electrically at will with the 
help of a platinum helix immersed in it. 

For all the higher temperatures, vapor baths were employed, as these 
furnish the only safe and rapid method of heating. The temperature 
adjusts itself automatically, and can never rise much above the ordinary 
boiling-point, thus giving protection against overheating and undue expan- 
sion of the liquid within the bomb, which by completely filling it might 
cause it to burst. Moreover, if the bomb should spring a leak, it would 
be dangerous in the case of a liquid bath ; for the steam, escaping under 
such pressure, might throw some of the hot liquid upon the observer. 
Steam leaking out into the hot vapor, on the other hand, causes no annoy- 
ance further than that arising from the odor of the vapor and the loss of 
the material in the case of the expensive substances. An air bath would, 
of course, not be open to this objection ; but the heating would be ex- 
tremely slow and non-automatic. 

An elevation of one of the heaters — all of which were substantially 
alike — with the bomb in place is presented in fig. 3. The bath is made 
of a piece of wrought-iron pipe A, 16 cm. in diameter and 40 cm. long, 



d by Google 



12 Conductivity of Aqueous Solutions. — Port II. 

with a bottom piece welded in. Near the top two pieces of iron pipe C 
about 2 cm. in diameter and 25 cm. long are screwed in, to serve as con- 
densers. These condenser tubes arc given a slight pitch, but their outer 
ends should not be higher than the top of the heater. To increase their 
e'fficiency, a loose roll of iron-wire gauze is put into each of them. The 
top of the bath, which should be turned off square in the lathe, is covered 
with a large watch-glass D, in which holes are drilled for the thermometer 
T, and the lead-wires to the bomb. A tube of thin sheet iron Q, about 
IS cm. in diameter, with a flange at the bottom, is placed in the heater 
and held in the middle by projecting pins. Small holes are drilled through 
this tube at the bottom, and two rows of large holes at the top. The func- 
tion of this tube is to prevent the bottom of the bomb from getting hotter 
than the top; for, if it does this by ever so 
little, a constant evaporation and condensa- 
tion goes on in the bomb, which interferes 
with the readings of the auxiliary electrode 
and the specific-volume determinations. The 
inverted mica cone N is put in for the same 
purpose; it prevents the cold condensed 
vapor from dripping upon the top of the 
bomb. These arrangements also protect the 
bomb more effectually from radiation and 
convection-currents from the walls of the 
heater. The holes in the glass cover through 
which the lead-wires and the thermometer 
enter are but little lai^r than these, so as to 
prevent loss of vapor. The thermometer is 
supported by means of a cork stopper whicli 
■^- ^ rests on the top of the watch-glass. The 

insertion of cork stoppers in the holes is not 
advisable, as they cause the hot liquid to escape through their pores. The 
bomb is supported in the heater by means of a brass frame F, and suspen- 
sion wires W, which hang on two steel pins screwed into the walls of the 
heater. At the top of each of the two suspension wires is a loop, so that by 
inserting a steel hook in each of these loops, the bomb is easily removed 
from the bath while still hot. The sides of the heater are well jacketed 
with asbestos. It is supported on a metal tripod by means of three steel 
pins, which project through the asbestos covering. It is heated by gas- 
bumers below, one sufficing after the bomb and heater have become hot. 
Ccanmercial xylene was first used for the 140° bath, but the pure meta- 
xylene was found to give a more constant temperature and one more 
uniform in the upper and lower parts of the bomb. To prevent the escape 
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of the vapor, it was necessary in this case to cause water to circulate 
through a jacket surrounding one of the condenser tubes. Pure naph- 
thalene from Kahlbaum was used to give a temperature of 218°, and was 
found to be an ideal substance. «-Bromnaphthalene was employed for 
the next higher temperature (281°), as it seemed to be the only available 
substance ; it is not convenient, however, since it decomposes slowly upon 
boiling with formation of tar and hydrobromic acid (which attacks the 
outside of the bomb) ; it must therefore be frequently removed from the 
heater and redistilled. The highest temperature (306*) was maintained 
with benzophenone, which shows no change of boiling-point even after 
many days of continuous heatir^. 

4. THEMAOMETERS. 

The temperature of the liquid xylene bath was measured with an ordi- 
nary thermometer reading directly to tenths of a degree, and this was 
checked from time to time against a standard Tonnelot thermometer. 

For the higher temperatures French mercurial thermometers, made by 
Alvergniat, with a range of 360° and graduation in degrees, were used. 
By the use of a little reading telescope these thermometers were read with 
certainty to 0.1°. They were standardized as described in section 8 of this 
article. The mercury column was always completely immersed in the 
vapor, and to take a reading the thermometer was quickly raised only 
enough to render the meniscus visible above the top of the heater. 
Repeated trials showed that the temperature of the bath throughout the 
space surrounding the bomb varied less than 0.1°, so that the exact posi- 
tion of the thermometer made no difference. Care had to be taken, how- 
ever, that the mica shield above the bomb did not come in contact with the 
thermometer stem, thus allowing the condensed vapor coming from the 
shield to run down and cool the bulb. It was feared that the vapor con- 
densing on the upper part of the thermometer itself would have the same 
effect ; but this was proved not to be the case by fastening a small inverted 
watch-glass about midway on the thermometer stem; this carried off the 
drip from the upper part of the stem, but did not affect the reading. 

5. DETAILS OF THE CONSTRUCTION OF THE BOMB. 

The shell is made of the softest crucible steel obtainable, ductility being 
desired rather than high tensile strength. Extra weight is not objection- 
able here, as it would be in the case of a calorimetric bomb ; moreover, 
fear was entertained that a high-carbon steel might be weakened by the 
repeated heating and cooling to which the bomb was to be subjected. The 
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shell was designed for approximately equal strength throughout. The 
large nut C has an ordinary V-shaped thread of IS turns to the inch. 
To tighten the nut, the lower part of the bomb is held at R, which is hex- 
agonal, by a wrendi bolted to a firm table ; while a second wrench, with 
an effective length of 46 cm., is placed on the hexagonal part R' of the nut 
itself. In this way sufficient pressure can be exerted on the gold packing- 
ring to make the metal of which it is composed actually flow into the 
groove beneath, filling any little scratches or other depressions which may 
exist in the latter. Since there is a certain thickness of gold and platinum 
interposed between the cover and the lower part of the bomb, and since 
these both expand less than steel upon heating, it becomes necessary to use 
a compensating brass washer W between die nut and the cover. The 
proper thickness can be calculated from the known coefficients of expan- 
sion of the three metals. Care must be taken that the bearing surface of 
the nut C on the washer W is so large that the upward force of the 
steam acting on the cover does not compress the brass washer, and thus 
allow the cover to rise. Care must also be taken — and this is very 
important — that the distance from the center of this bearing surface to the 
axis of the bomb is less than the radius of the gold packing-ring ; other- 
wise the cover might turn on the ring while the nut was being tightened, 
which would prevent a tight joint from being secured. For lubrication 
a little finely powdered graphite is rubbed on the top of the brass washer 
and into the threads of the large nut. 

To facilitate the removal of the platinum lining, the inside of the steel 
shell was made slightly tapering (about 0.05 mm. in 10 cm.), and the little 
grooves left by the boring tool were carefully ground out. 

In working with the bomb it proved to be necessary to drill through the 
steel shell a number of small holes, one of which is shown at // in fig. 1. 
In the present bomb there are about 75 of these (probably half as many 
would have sufficed) well distributed over all its parts, A, B, and C. These 
holes are 0.66 mm. in diameter — so small ttuit they do not seriously 
weaken the shell, and that the platinum lining is capable of withstanding 
the pressure over their areas. These holes are made necessary by the 
fact that without them some water gets trapped between the lining and 
the shell, owing to slight leakage or permeation of the platinum itself when 
the bomb is first heated, the lining then being not in close contact with the 
shell at every point; and this water on subsequent heating exerts, owing 
to its expansion in the liquid state, an enormous pressure against the lin- 
ing, causing little indentations in it and causing some water to flow back 
into the bomb, whereby contamination of the solution with iron is pro- 
duced. The holes remedy entirely this difficulty, which otherwise will 
become a^ravated on each successive heating. They also help to locate 
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a leak in case one exists, for when the bomb is connected to the hydraulic 
pump to be tested, as will be explained later, they pennit the water to 
escape at a point near where it gets through the platinum lining. To fur- 
ther this end a small hole is also drilled from the outside obliquely into 
the air space around each of the electrode rods. 

The lining of the lower part of the bomb A was made of a platinum- 
indium alloy (2 per cent iridium) 0.40 mm. thick. The flange F was orig- 
inally made of the same material, but the dosing of the bomb compressed 
the platinum each time under the ring so that it grew hard and thin and 
finally cracked at the bottom of the groove. For this reason platinum- 
indium alloy containing 16 per cent iridium had to be substituted for the 
flai^e. This is so hard that it bids fair to wear indefinitely, and yet it is 
not so brittle that it can not be forced into the groove in the steel without 
cracking. The flange could just as well be welded to the platinum cup, 
but in our bomb it was soldered to it with pure gold. Pure gold was also 
used freely in making repairs on the present lining when it tore, as it fre- 
quently did at the start, before the necessity of the small holes in the shell 
and of several other precautions was understood. 

The lining is made so as to fit as well as possible at the start. It is then 
inserted in the shell, and expanded by driving in plugs of cotton as hard as 
possible, with a hammer and piece of hard wood. The shell is then placed 
in the lathe, and the lining is still further expanded by the use of an agate 
burnisher lubricated with soap. The flange is next hammered over to fit 
the steel, sheet lead being used under the hammer to prevent injury to the 
platinum alloy. The most delicate operation connected with the lining 
of the bomb is perhaps the next step, which consists in making a depres- 
sion in the flange to fit the V-shaped groove in the steel below. This 
groove in the steel should not be sharp as shown in fig. 1, but should be 
slightly rounded at the bottom (to prevent cracking the hard flange) and 
its sides should make an angle of 90° with one another. The' depth of the 
groove is such that when a wire 0.8 mm. in diameter is laid in it, about 
one-half of the wire lies outside the groove. A little steel roller is made 
to fit the groove in the shell, and this roller, after being hardened and 
polished, is pivoted in a fork which fits into the tool post of the lathe. 
The shell with the lining in it is then slowly rotated in the lathe while the 
roller, well lubricated with soap, is firmly pressed against the flange over 
the groove. 

After the lining has been made to fit as closely as possible, it should 
be removed from the shell and heated to redness to anneal it. Even the 
flange had better be treated in this way, since it is hard enough even after 
annealing. To remove the lining after it has been fitted in in the preceding 
manner, the following plan was adopted : Take a stick of soft wood, per- 
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haps 20 cm. long and 5 cm. square, and whittle one end down so that it 
will slip easily into the hamkt. Then take a piece of cotton cloth moistened 
with alcohol to remove any grease, wrap it over the small end of the 
stick, and then with a hammer drive the latter tightly into the bomb. Now 
holding the bomb in the vise, grasp the projecting end of the stick finnly 
in the hands or in a wooden clamp and twist out the lining. This method 
never fails, provided the steel shell was ground reasonably smooth at the 
start. 

A hole is drilled in the lining at the bottom so as to correspond with the 
hole in the steel shell. It is then best to close this hole temporarily with 
the steel piece shown in fig. 3, using a lead washer under the V-shaped 
ridge for packing. Then, in order to bring the lining into perfect contact 
with the shell and at the same time to test it for possible faults, the lower 
part of the bomb is connected by means of the auxiliary cover shown 

in figure 4 w i t h 
' a Cailletet pump 
or its equivalent — 
a water reservoir 
being interposed 
between the pump 
and the bomb so 
as to force water 
instead of oil into 
the bomb. For this 
F* '■ F*- *■ F» *■ testing of the lining 

a pressure of 300 
atmospheres has been used, the steel shell having previously been similarly 
tested up to 600 atmospheres pressure. The lining must be fitted as closely 
as possible before the hydraulic pressure is applied, since otherwise this 
will always result in tearing the lining. Even after expanding the lining 
with hydraulic pressure, there is no trouble in removing it, in case a leak 
develops, by the method given above. 

The next step is to fasten the edge of the flange to the shell. If this is 
not done, when substances like benzophenone, solid at ordinary tempera- 
ture, are employed for heating the bomb, they will be drawn under the 
flange and into the groove in the shell, where they will solidify ; upon heat- 
ing the bomb the next time, the solid melts and escapes, thus relieving the 
pressure on the packing-ring and allowing the bomb to leak ; moreover, if 
the edge is not fastened down, there is danger of bending it when the 
bomb is opened and handled. To secure the flange eight small steel screws 
are used. The steel shell has to be recessed at this place, as shown in 
fig. 1 ; otherwise the screw heads would interfere with the cover. 



d by Google 



Section j. — Construction of the Bomb. ij 

The lower electrode is made o£ two steel parts, as shown in fig. 5, the 
horizontal part C being afterwards inclosed in a platinum box, which is 
made as follows : The top A of this box, ts made by forcing a circular 
disk of pure sheet platinum (about 0.25 mm. thick) through a brass die 
by means of a brass punch. It is better, since it strains the platinum less, 
to interrupt this operation at least twice, annealing the metal each time. 
This box should be made to fit so tightly over C that it has to be forced on. 
In the same way a tight-fitting bottom B is made for this box. A hole 
is drilled in the center of this just large enough to permit the passage of 
the steel rod through it. It is then forced on over A. It then remains 
only to solder B ^.o A with pure gold. This is easily accomplished 
by putting several pieces of gold on the crack D and directing a hot flame 
from the blast lamp downwards upon the box. This flame must not be 
too small, since the whole of the soldering must be done at once and as 
quickly as possible. Doing it a piece at a time involves keeping the steel 
rod hot for a longer time, and consequently oxidizing it more; and worse 
than this, the gold gets inside and alloys with the iron, bringing the latter 
eventually to the surface. Before soldering it is better to cover the steel 
rod below the box with pieces of asbestos, binding them on tightly by 
means of a wire, so as to diminish the oxidation. 

Before adopting quartz crystal as the insulator various other substances 
were tried. Mica was tried first of all, using both of the methods sub- 
sequently employed by Knipp* in his work on surface tension. Our 
experience agreed with his — that it is impossible to secure an absolutely 
tight joint with mica because of the formation of radial cracks. Nor 
was it an ideal substance chemically. Camelian, flint, and agate were next 
tried because of their known toughness. It was with the last-named sub- 
stance that we developed the method finally employed for making an abso- 
lutely tight joint ; the substance itself, however, proved to be chemically 
unsuitable, since the hydrated silica which it contains dissolves readily in 
the hot water. The method which we finally employed for securing a 
tight joint put very little strain on the agate, so that there was no longer 
any reason for avoiding a substance because of its brittkness. Quartz 
crystal was then the natural substance to try. Japanese quartz, however, 
proved a failure, owing to included water or carbon dioxide, which caused 
it to crack upon heating ; but the Arkansas quartz which we next tried was 
not affected by heat and has proved to be very satisfactory. Since the 
thermal coefficient of expansion is so different in the directions parallel 
to and perpendicular to the main axis of the crystal, the axis of the cup 
was made parallel to the main axis of the crystal. 

•Phys. Rev., II, 120-154 (1900). 
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The process employed for making the quartz cup is as follows: A 
crystal is selected which is perfectly clear and free from imperfections. 
A slice, in thickness a little greater than the height of the finished cup, is 
then sawed out at right angles to the main axis. For this operation a thin 
tinned-iron disk, whose edge is charged with diamond powder, is rotated 
in the lathe ; and the piece, supported on a sawing table, is pressed lightly 
against the saw by hand, a wet sponge being held against the edge of the 
saw with the other hand. This operation of sawing is discussed at some 
length by Threlfall.* It is both easy and rapid if the saw is in good con- 
dition. Care must be taken in this and the subsequent operations that the 
work is not crowded too hard against the abrading surface, as this causes 
a local rise of temperature which may crack the crystal. A hollow drill, 
whose internal diameter is but little greater than the external diameter of 
the finished cup, is then run through the crystal piece at right angles to 
the sawed surfaces. Such a drill consists merely of a tinned-iron tube pro- 
vided with a slit running lengthwise, and mounted so that it can be rotated 
in the lathe. The outer end of the tube is turned off square and is then 
charged with diamond powder. A small piece of wet sponge is then placed 
in the tube. Powdered carborundum can be used in place of diamond, 
and, although it is somewhat slower in starting, it appears to be equally 
satisfactory afterwards. The core is then taken from the drill and tlie 
ends of the cylinder are ground down flat ; for the saw has left them some- 
what irregular. This operation of grinding is conveniently carried out by 
means of a carborundum wheel rotated in the lathe, the wheel being kept 
wet by holding a sponge against it. Before grinding either surface, its 
bounding edges must be ground off (beveled) ; otherwise the edges will 
break out irregularly. To cup out the cylinder, a hollow drill, whose 
external diameter is but little less than the internal diameter of the finished 
cup, is then run into one end to a depth almost equal to that of the desired 
cavity. The core which is left from this drill is too strong to be broken 
out without danger of injuring the outside of the cup; so another, smaller 
one is next run in to the same depth as the first and concentrically with it. 
This leaves two fragile pieces, a small rod and a thin tube, which are easily 
broken out. The cup is next mounted so that it can be rotated in the lathe. 
This is best accomplished by fastening it with stick shellac to the end of a 
brass rod held in the lathe chuck. To hold firmly, the crystal must be 
heated above the melting-point of the shellac ; this can be done safely by 
flashing it with a gas flame. The inside of the cup is then ground to its 
final diameter and the bottom made flat by using carborundum powder 
upon the end of a brass rod which is a little less in diameter than the cavity 
and whose end is squared off, the rod being best held in the hand. The 

"On Laboratory Arts, pp. 187-189. 
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small hole is drilled through the bottom of the cup by the aid of a small 
diamond set in the end of a steel or brass rod. The diamond must, of 
course, be a little larger than the rod to give clearance for the latter. To 
start the hole the T-rest is used, but afterwards the rod is supported only 
by the hand. The tool must be withdrawn and moistened very frequently. 
The hole may be run half-way through from either end. It is afterwards 
expanded to its proper size by the aid of a small brass or steel rod and 
some carborundum. To form the little V-shaped ridges on the ends of the 
cup, each of the end surfaces, except at the middle where the ridge is to 
be, is ground down with carborundum. The projecting portion left in the 
center is then turned into a sharp ridge by means of a diamond set in tKe 
end of a steel rod. This tool is held in the hand and supported on the 
T-rest just as the ordinary hand tool is used on metal. To support the cup 
while work is being done on the lower end it is best to fasten in the chuck 
a piece of brass rod somewhat smaller than the internal diameter of the 
cup, square off its end, turn a little groove in it which will correspond to 
the ridge at the bottom of the cup, and then shellac the cup on, so that the 
ridge comes in the groove. This mode of support insures getting the 
ridges, as they should be, in parallel planes and centrally located with ref- 
erence to the axis of the cup. The operation of polishing is best carried 
out by means of different grades of corundum powder, using finally oxide 
of tin. These are applied wet on the end of a soft piece of wood. 

In making such a cup an ordinary mechanician, after a little practice on 
the different operations, will spend perhaps twelve or fifteen hours. 

The thickness of the brass compensating washer (Z, fig. 1) can be cal- 
culated from the known coefficients of expansion of the quartz-crystal and 
of the brass and steel used. That used in our bomb was 5.1 mm. in thick- 
ness. Of the two gold washers the upper one is made to fit tightly on the 
electrode rod, while the hole in the lower one is made to correspond with 
that in the bottom of the bomb. To keep the lower gold washer from 
touching the electrode rod, and to keep the latter from touching the steel 
shell, the following device was employed : The middle part of the steel 
rod is made about 0.6 mm. smaller in diameter than the hole in the crystal. 
Three thin strips of mica, each about 2 cm. long and 2 mm. wide, are 
inserted in the space left between the electrode rod and the crystal, so that 
the ends of these mica pieces project perhaps 1 cm. below the cup. The 
mica strips are cut so wide that they have to be pushed into place. They 
serve to hold the rod in the crystal and keep the lower gold washer in 
place. The cup can now be grasped by its edge with a pair of tweezers 
and the electrode rod pushed through the hole in the bottom of the bomb. 
It is then bolted down. It is next tested to make sure that there is no short 
circuit between the electrode and the bomb ; and finally, to make sure that 
the joint is tight, the bomb is connected once more to the pump. 
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If, after the bomb has been in use for some time, it is necessary to 
remove the lower electrode, it may be done in the following way: The nut 
N can not be unscrewed, but enough of it can be removed with saw and 
file so that the remainder will slip througji the hole in the brass washer. 
A light direct blow with the hammer on the end of the electrode rod is 
then always sufficient to start it out. The brass remaining in the threads 
of the electrode rod is «isi!y removed with any pointed tool, and the elec- 
trode is ready to use again. 

The cover B is made slightly concave to allow the air bubbles, which 
might otherwise collect under it, to escape into the electrode chamber 
above. To line the cover a round disk of platinum-iridium alloy contain- 
ing 15 per cent iridium is taken, and the two tubes, T, and Tj, are soldered 
to this with pure gold. This alloy is used rather than pure platinum on 
account of its greater hardness, which prevents the gold ring from cutting 
into it. 

In the development of the bomb, the tube T, has probably caused more 
trouble than any other part. This is due in part to the fact that at high 
temperatures the pressure is sufficient to force water through the lining at 
any unsupported spot. If the tube was made of heavy metal, and especially 
when it was made of the % per cent alloy, it was itself capable, owing to 
its small diameter, of withstanding the pressure without expanding enough 
to come into perfect contact with the steel at all points ; as a result, the 
bomb would leak at such points. Or, owing to the greater difficulty in 
mechanically expanding the small tube to meet the shell, the fit would be 
so poor at the start that the hydraulic pressure would tear it. Our earlier 
work here was done with the 3 per cent alloy before we fully realized the 
great difference in ductility between this and pure platinum. Because of 
its extreme ductility gold was then tried. This worked beautifully at first, 
but finally failed because the 22-carat gold solder employed in making the 
tube disintegrated under the action of the hot water. Recourse was then 
had to pure platinum, which completely solved the difficulty. The plati- 
num tube is first expanded by driving in some plugs of cotton with the help 
of a hammer and a brass rod almost as large as the inside of the tube. 
Seamless tubing might be advantageously used here, but we used a tube 
made of sheet platinum soldered with pure gold, and this proved to be 
entirely satisfactory. 

The small tube T^ is conveniently made by rolling up tightly some thin 
sheet platinum and then flowing gold in to fill the spaces between the con- 
volutions. This gold is fed in from the outside, while the whole tube is 
kept hot in a large blast-lamp flame. Care must be taken not to use too 
much gold ; otherwise a drop may form inside the tube, and its removal by 
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drilling is extremely difficult. Owing to capillary forces, no gold will go 
to the space inside until the smaller spaces between the convolutions are 
all filled, so that there is no danger so long as too much gold is not em- 
ployed. In this, as in all other operations when gold is used in soldering 
platinum, the piece should be kept hot no longer than is absolutely neces- 
sary, because the gold rapidly alloys with the platinum, and the resulting 
alloy is more crystalline in structure than either of the constituents and has 
not their ductility. To make the joint between T, and the lining of the 
cover stronger, the tube is reinforced above this point, as shown by the 
drawing. This was necessary in our earlier apparatus before the lining 
was screwed down to the cover, but is probably not necessary in the later 
form. 

As the upper end of the tube T, is to act as a valve-seat, and as there- 
fore there will be a good deal of downward pressure at this point, the tube 
has to be well expanded into the conical cavity in the steel at V (fig. 1). 
Because of this, and of the further fact that the valve-seat should be as 
soft as possible, tt is better to make the upper end of T, of solid gold, bor- 
ing it out later. This is done as follows : The tube is first packed full 
of asbestos, to prevent gold from getting into it. A band of thin platinum 
foil is next wound tightly around the upper end and bound on by means 
of a platinum wire. This band is then pushed partly off of the end of the 
tube, so as to make a small projecting tube ; and pure gold is melted into 
this until it is full. The platinum foil on the outside of the gold is now 
filed off. Both tubes are now attached to the cover lining and inserted in 
place in the cover. Holding the lower end of T, on an anvil, the soft gold, 
projecting perhaps 3 mm. above the steel at V, is compressed with a rivet- 
ing hammer. The asbestos is now drawn out of the tube, and a hole is 
drilled down through the gold to meet the hole in the platinum. 

The valve-seat at the start is of the form shown in fig. 1, and the slight- 
est pressure on the steel bicycle ball serves to force the ball down into the 
soft gold tube enough to make the joint tight. But after this process has 
been repeated a few times the bearing surface of the ball on the gold 
becomes so large that the pressure which can be obtained by tightening the 
screw K with the fingers is not sufficient to make the joint tight. The 
valve-seat can be easily brought back to its original condition, however, 
by filling the depression, which the ball has made, with soft dental gold 
and opening the hole again with a scratch awl or a drill. The filling is 
most conveniently accomplished with a little "moss fiber" gold, using the 
r^tdar dental tool. Of course the top should always be left concave, so 
that the ball will of itself roll to the center. Time is saved in the end by 
putting the valve-seat in order each time ; for, if this is done, there will 
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never be a leak at this point. It is also better to use a fresh steel ball each 
time. The screw K should fit well, but still turn easily with the fingers ; 
for, if there were much friction here, it would be impossible to tell how 
much of the force employed in screwing it down was being communicated 
to the ball and how much was wasted in friction in the screw. Smearing a 
little vaseline on the screw prevents air from leaking in while the bomb is 
being evacuated. 

The edge of the lining is fastened to the cover by eight steel screws, in 
the same way as the flange of the lining of the body of the bomb is secured, 
the only difference being that it is not necessary at the top to recess the 
edge of the platinum. Care must, of course, be taken that the screws in 
the top do not come opposite those in the lower part when the top is put 
on. Two reference marks enable the experimenter to bring the cover 
always into the same position with respect to the bottom. 

The cover lining is forced into place and tested, just as was the lining 
of the lower part of the bomb, by means of the Cailletet pump, making 
the pump connection with a metal piece like that shown in fig. 6, which 
takes the place of the lower part of the bomb. 

The construction of the 
auxiliary electrode is simi- 
lar to that of the lower one ; 
it will be evident from fig. 
7, The part a has to be 
made just as small as is 
consistent with making the 
joint tight on the end of the '^" *■ 

crystal. The platinum covering consists of a little plati- 
num box similar to that used on the lower electrode, a 
short piece of tubing b and a piece of platinum wire c. 

The gold packing-rings are made as follows : A piece 
of gold wire about 3 mm, shorter than the circumference 
of the finished ring is cut off and the ends fused together ^ 

in a small oxy-gas flame. (The ends of the wire were '^" '■ 

originally filed flat and then soldered with coin gold ; but this method 
besides being much more laborious had the disadvantage of bringing 
base TTietal into the gold.) The joint made in this way is slightly thicker 
than the rest of the ring, but not enough so to do any harm. The 
ring is then annealed and placed on a cast-iron spreader. By pushing a 
tapered brass plug into this spreader, it is expanded and the ring stretched. 
By placing a reference mark on the tapered plug, the ring can be stretched 
to just the same size every time. It, of course, comes off perfectly round, 
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and after reannealing is ready for use. Each ring h used but once ; but 
after a number have been used they are mehed down and made into fresh 
wire. 

The total weight of platinum used in our bomb is about 185 grams. 
This, together with the line construction work involved, makes the initial 
cost considerable, but the platinum, of course, retains the larger part of its 
value. We have estimated that the cost of reproducing such a bomb, 
including the labor of a machinist and all the materials except the plati- 
num, is about 126. 

Before adopting the sheet-platinum lining, attempts were made to pro- 
duce a satisfactory platinum plate on the inner surface of the bomb 
by the electrolytic process described by Langbein ;* but although a firmly 
adhering deposit was obtained, it was found not to be dense enough 
to protect the surface beneath from attack and the liquid from consequent 
contamination. 

6. raOCEDURE TOR THE CONDUCIWnY MEASUREMENTS. 

In making a set of conductivity determinations, the valve-seat at the 
top of the tube, T, (fig. 1), is first put in order by putting in a gold filling, 
as has already been described in section 6. Then any loose particles of 
graphite or dirt adhering to the flange and cover in the neighborhood of 
the gold packing-ring are removed with absorbent cotton saturated with 
benzene, and the screw thread on the lower part is cleaned in the same 
manner. Both the upper and lower parts are now rinsed thoroughly with 
good water, using the fine stream from a wash bottle to remove more 
effectually any loose particles of graphite which may have got into the 
bomb upon previously opening it. By this means, too, water can be forced 
through the fine tube, T,. If the solution to be investigated is a dilute one, 
the rinsing must be very thorough. Finally the bomb is rinsed out with 
some of the solution, and as much as possible of this is then shaken out. 
The bomb is then ready for use. 

Suppose now it is desired to make a series of measurements at the tem- 
peratures up to 281°. An amount of solution which will almost, but not 
quite, fill the bomb at this temperature is measured in from a pipette pre- 
viously graduated to contain this amount, as will be described in section t. 
A gold packing-ring is annealed and cleaned by heating it in the flame of 
a burner, and it is placed in the groove. The cover is then put in place, 
taking care not to disturb the ring. The thread in the large nut is next 
washed out with benzene, to get rid of any solid substance which may 
have condensed there in a previous heating. With a piece of cloth or 

■Langbein's Electro-Deposition of Metals, 3TS (1902). 
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absorbent cotton, a lot of finely powdered graphite is then rubbed into 
the thread and upon the surface which bears on the brass compensating 
washer. The nut is now screwed on by hand, care being taken not to dis- 
turb the cover ; otherwise it might be raised slightly, so that particles of 
graphite would enter the bomb. The apparatus is next transported care- 
fully to the large wrench, and the nut is tightened up. The air pressure 
is then reduced to about 2 cm. by connecting the small tube with a Rich- 
ards water pump, the valve is screwed down, the lead-wires bolted on, 
and the bomb is ready for the measurements. 

The conductivity is first measured at 26'. To hasten the equalization of 
the temperatures, the cold bomb was usually introduced after bringing the 
bath to about 30°. The other vapor baths are heated up meanwhile. 

The bomb is then immersed in the 140° bath, whereupon the conduc- 
tivity increases very rapidly. The minimum in the telephone is at first 
greaUy disturbed by the boiling of the solution, which takes place strongly 
at the lower electrode, owing to the fact that this is at the start, because of 
its position, the hottest part of the bomb. But as the temperature of the 
solution approaches that of the bath the disturbance decreases, and finally 
ceases altogether. When the temperature has become almost constant, 
which is indicated by the constancy of the conductivity, the bomb is 
removed from the bath, shaken, and returned as quickly as possible. To 
shake it while hot, a piece of asbestos cloth, with a piece of woolen cloth 
outside, is used. If the shaking is omitted, the measured conductivity 
may be too high by as much as 0.5 per cent. This was found to be due to 
the following facts : At 140° there is still a considerable vapor space left 
in the bomb, the entire cover being above the liquid surface. During the 
first part of the heating the xylene vapor is condensed so rapidly by the 
bomb that it extends up only for a littie distance above the bottom 
of the bomb, leaving the upper part completely out of it. This causes an 
evaporation of pure water and a condensation of it all over the colder 
cover, leaving the solution too concentrated. If the bomb is shaken after 
reaching the temperature of the bath and quickly returned, the same action 
does not repeat itself, since the top is now as hot as the bottom. The 
bridge readings are now continued (usually for about 30 minutes) till 
one perfectly constant for 10 to 15 minutes is obtained. 

The bomb is then transferred to the naphthalene bath. Shaking was 
found to have no effect at this temperature, owing, doubtless, to the fact 
that the liquid level has then risen almost to the cover, so that large drops 
can not adhere to the latter, and to the fact that the surface tension has 
diminished, so that less water is held clinging to the walls of the narrow 
chamber in the cover. 



d by Google 



Section 6. — Method of Procedure. 25 

The bomb is next brought into the 381° bath. It is now necessary to 
keep constant watch o£ the conductivity between the upper auxiliary elec- 
trode and the walls of the bomb, so as to be sure that too much solution 
has not been put into the bonib. The reasons for putting in solution 
enough at the start to so nearly fill the bomb at the highest temperature 
are first, to reduce the vapor space at all the temperatures as much as pos- 
sible, since a correction has to be made for the amount of solvent in this 
space ; and secondly, to see that the bomb is absolutely tight even at the 
highest temperature, when the solution is in contact with the upper elec- 
trode. This latter is important, since a leak, if it took place above the 
liquid level, would cause a loss of pure solvent and a consequent increase 
in the concentration of the solution. 

After completing the measurements at 281', the bomb is returned to the 
218° bath, then to the 140" bath, and finally it is brought back to 26*. In 
going from a higher temperature to a lower much time is saved by cooling 
the bomb, in front of a fan outside the bath, to a temperature which is at 
least as low as that next desired ; for while heating in a vapor bath is 
rapid, the cooling in it of a hotter body is very slow. During the first half 
of the experiment, where the bomb is introduced each time into a hotter 
bath, stirring inside the bomb takes place of itself, it being accomplished 
by the rising vapor bubbles and the rapid convection currents caused by 
the bottom of the bomb being so much hotter than the top during the heat- 
ing. During the second half it is necessary to provide for this by shaking 
the bomb before putting it into each bath. How much shaking is neces- 
sary can be determined by repeating the operation and seeing whether the 
conductivity has been affected by it. 

The advantages derived from cooling the bomb down through the same 
series of temperatures and AgAia taking measurements are that these fur- 
nish a check on the accuracy of the preceding ones, and especially that 
they show whether or not there has been any contamination, and if so, 
between what temperatures it took place and to how much it amounts. 

The bomb is opened as soon as the experiment is completed, since other- 
wise there may be trouble in getting the cover off because of the strong 
adhesion of the gold packing-ring to the platinum lining below. This 
effect increases with use, since a small amount of gold from the ring 
adheres to the platinum each time, and subsequent rings will adhere more 
firmly to this gold than they would to a clean platinum surface. The effect 
can easily be reduced, however, as soon as it grows troublesome, by rub- 
bing the platinum cover, where it comes in contact with the ring, with a 
burnisher and by marking in the groove with a lead pencil. The trace of 
graphite which adheres to the surface is very effective. 



d by Google 



36 Conductivity of Aqueous Solutions. — Part I!. 

When the bomb is not in use, good water is left standing in the lower 
part. The cover is inverted and the upper chamber similarly kept filled 
with water. If for the next experiment a more dilute solution is to be 
employed, the bomb must first be heated with good water to perhaps 218° 
for some little time. No amount of rinsing or soaking out at ordinary- 
temperatures will answer the purpose. There is on this account a great 
saving of time effected by beginning with the most dilute solution to be 
investigated, and afterwards measuring those more and more concentrated. 

Our measurements at 306° were carried out, for the most part, after 
complete experiments up to 281° had been made, so that they usually con- 
sisted merely of measurements at 26°, 306°, and again at 26°. 

7. PROCEDURE FOR THE srcCinC-VCH.UME MEASUREMENTS. 

To determine the specific volume of a solution at any temperature, such 
an amount of solution is weighed into the bomb as will bring the liquid 
level up onto the auxiliary electrode at that temperature. This amount was 
determined by successive heatings with increasing volumes of solution. 
A pipette of the form represented by fig, 8 was made for each 
of the temperatures 218°, 281°, and 306°. The stem is gradu- 
ated between a and ft, and the capacity up to these points is 
roughly determined by weighing. The volimie of the pipette 
is made such that for water or dilute solutions it will deliver 
the right amount into the bomb when filled up to the point ft. 
For more concentrated solutions the expansion is less, so that 
more of the solution must be used. The graduations on the 
pipette serve only as an indication of how much solution to take. 
The exact amount used is obtained by weighing the pipette filled 
and then again after discharging. During the weighing the tip 
is covered with a small test tube c, which is held on by the 
rubber band d. 

^ The bomb is first dried out by rinsing it with alcohol and 

* ether. The residue left by these solvents upon evaporation is 

sufficient to affect the conductivity of the diluter solutions employed, so 
that no attempt was made to determine the conductivity of such solutions 
at the same time as their specific volume. The solution is boiled to expel 
the air. This increases the concentration slightly ; but this is of no conse- 
quence if, as was usually the case, the experiment was made solely to deter- 
mine the specific volume. If it was also to serve for conductivity measure- 
ments, the solution was boiled gently in a tall platinum vessel which was 
weighed with its contents before and after boiling. This gave the loss of 
solvent during the operation. Knowing this and the amount of solution 
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origpnally present in the cylinder, the final concentration is easily calcu- 
lated. After weighing the solution in from the pipette, the bomb is closed, 
and the air pressure reduced to 2 cm. Upon heating, careful watch is kept 
of the readings with the auxiliary electrode to make sure that too much 
solution has not been put in. After the conductivity of the upper chamber 
has been constant long enough to show conclusively that the temperature 
has become stationary and that the bomb is absolutely tight (even the 
sli^test leak being of course indicated by a constant decrease in the con- 
ductivity of the upper chamber), the conductivities between the walls of the 
bomb and both the upper and lower electrodes are measured carefully, and 
the temperature of the bath is observed. The experiment is then complete. 
The ratio of these two conductivities is calculated, and the correspond- 
ing volume is obtained by interpolation from a plot obtained as described 
in section 8. This volume, corrected for the expansion of the bomb and 
then divided by the weight of solution in the bomb, gives the specific vol- 
ume of that solution at the temperature in question, and this quantity 
divided by the specific volume of the solution at 4° gives the volume of 
that quantity of the solution that would at 4* occupy one cubic centimeter, 
this quantity being most convenient in subsequent computations. 

8. STANDARDIZATION OF THE APPARATUS. 

THEBUOMETERS. 

These were calibrated by the method recommended by Crafts,* first 
for irregularities of bore and then at the fixed points 0°, 100°, 218', and 
306°. For the last two temperatures the vapors of boiling naphthalene 
and of benzophenone were used. These substances were obtained from 
Kahlbaum, and were purified in the manner suggested by Crafts, until 
their melting-points came within his limits. The form and dimensions of 
the vapor bath used in establishing the 218° and 306° points were essen- 
tially those given by him. To reduce the temperatures lying between the 
fixed points to the gas scale. Crafts' corrections for French glass were 
also used, our thermometers being of the same make as those used by him. 
The values adopted for the boiling-points of the naphthalene and benzo- 
phenone on the hydrogen-gas scale were, however, those recently obtained 
by Jaquerod and Wassmcr (J. chim, phys., 2, 72; 1904). At the begin- 
ning every temperature measurement was followed by a lag ice-reading; 
but this was found to be unnecessary, since the thermometers showed no 
lag. The ice-reading was, however, taken frequently, to make sure that 
the zero did not change from another cause — evaporation of mercury 

*Ain. Chein. J., S, 30T-338 (1S83-M). 



dbyGoogIc 



s8 Conductivity of Aqueous Solutions. — Part II. 

from the bulb below and condensation in the chamber above. This effect 
was not apparent even after long use at temperatures up to 280*; but 
above this the zero would fall perhaps 0.1" from two or three days' use. 
When in use at 306°, instead of taking an ice-reading the thermometer 
was first placed in the benzcq)henone heater and then in the calibrating 
apparatus containing perfectly pure benzophenone. The difference in 
reading (usually amounting to 0.1' to 0.2') was deducted from the true 
boiling-point of benzophenone at the observed barometric pressure. 

Two thennometers were calibrated in this way, and in actual use their 
corrected readings were always found to agree satisfactorily with each 
other, 

SLIDB-WIBE BUDGE AND RESISTANCE COILS. 

The slide wire was calibrated by the method of Strouhal and Barus.* 
The resistance coils were calibrated by comparison with a standard bridge 
of the Massachusetts Institute of Technology. 

THE CONDUCTANCE-CAPACITY. 

In order to reduce the observed to specific conductances, the conduct- 
ance-capacity or so-called "celI-constant"f was determined in the usual 
manner, by measuring in the bomb solutions of known conductance. For 
this purpose the measurements at 26° of the solutions of both potassium 
and sodium chlorides, which were afterward studied at higher tempera- 
tures, were employed, the mean of the most reliable of them being taken. 
These data are given in section 13. 

THE VOLUME OF THE SOLUTION IN THE BOMB AND THE CORRESPONDING 
CONDUCTANCE-RATIO. 

It was Stated above that the volume of the solution at any time in the 
bomb was determined by measuring the ratio of the conductances between 
the walls of the bomb and the lower and upper electrodes respectively. 
This ratio will hereafter be called the conductance-ratio. Its value is, of 
course, independent of the nature of the solution in the bomb, and is deter- 
mined fully by its height in the narrow chamber, and therefore by its vol- 
ume. To find the values corresponding to different volumes, we proceed 
as follows: The bomb is first dried by rinsing it with alcohol and ether. 

*Wied. Ann., 10, 324 (1880). See also Kohlrausch and Holbom, Leitvermogen 
der Elektrolyte, 45 (18S8). 

tThe term cell-constant is inappropriate, since the value varies with the temper- 
ature. We shall adopt the expression conductance-capacity, which seems fairly 
descriptive, since the quantity may be defined as the specific conductance of a solu- 
tion which, when placed in the vessel, gives rise to an actual conductance unity. 
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Some 0.03 normal potassium chloride solution*' is then boiled to free it 
from air, and, right after cooling, enough of this to till the bottom part of 
the bomb to within 1 or 2 mm. of the flange is weighed in from a pipette. 
The mouth of the pipette is kept under the surface to diminish the ateorp- 
tion of air. The cover is next put on and screwed down, care being taken 
not to tip the bomb enough to get any of the solution into the mouth 
of the capillary tube. By means of the water pump the air pressure in the 
bomb is reduced to about 2 cm., and the valve is then closed. If the air is 
not removed from the solution at the start, it comes out rapidly upon 
reducit^ the pressure and spatters some of the solution up into the tube, 
thus allowing it to be swept out by the air current. 

The lead wires are now bolted on and the bomb is placed in the liquid 
xylene bath, serving ordinarily for the 26° measurements, and the temper- 
ature of the latter is raised by means of the heating coil. The liquid level in 
the bomb is at the start about 3 mm. below the point of the auxiliary elec- 
trode, so that the resistance of the upper cell is shown by the conductivity 
apparatus to be infinite; but upon heating, the level rises and finally 
touches the electrode, whereupon the resistance suddenly sinks to pertiaps 
1,000 ohms. The temperature of the bath (perhaps about 130°) is now 
held constant until the solution in the bomb has also attained it, as will be 
indicated by the resistance of the lower and, far more sensitively, by that 
of the upper cell becoming constant. Both these resistances are then 
noted, and the temperature is measured. 

The temperature is now raised by steps of three or four degrees until 
that ratio of the conductances is reached which corresponds to the bomb 
being ^most completely full. This limiting ratio can be determined cold 
at any time by measuring the resistance of the lower cell and then invert- 
ing the bomb and measuring that of the upper cell. Finally, the conduct- 
ance-ratios are plotted as abscissas and the corresponding volumes as 
ordinates, whereby a straight line is obtained. 

The computation of the volumes is made with the help of the following 
data: Zepemick and Tammannt have found that e<]ual volumes of a 
0.53 normal potassium chloride solution and of water at 0° upon heating 
from that temperature to 140'" become different from each other by only 
0.1 per cent. It is therefore perfectly safe to assume that the expansion of 
the 0.03 normal potassium chloride solution used by us is the same as that 
of pure water. From Hirn'sJ results the specific volume of water at the 

*The reasons for taking this solution instead of pure water are that it makes 
the conductance at the upper electrode high enough to give a aooA tninimuni, and 
that the solution is so strong that contamination can not possibly make any trouble. 

tZ. phys. Chem., 1«, 665 (1895). 

}G. A. Him, Ann. chim. phys., (4), 10, 32 (1897). His series of observations 
covers the range of temperature up to 180°. Between llO" and 143° his values 
differ from those found by Zepemtck and Tammann by only 0.02 per cent. 
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temperature in question, but under a pressure of 14.8 atmospheres, may be 
obtained. At 135", the mean temperature of the calibration experiments, 
the vapor pressure is 3.1 atmospheres. Him's result should then be reduced 
to this pressure. The coefficient of compressibility of water has been 
investigated by Pagliani and Vicentini* up to 100'. By plotting their values 
and extrapolating, 0.000048 is found for the coefficient at 135°, or for the 
fractional decrease in volume per atmosphere pressure. Him's value 
should then be increased by 0.000048 X (14.8 — 3.1) X 100 = 0.056 per 
cent. Multiplying the value so obtained by the weight of solution employed 
and by the specific gravity of the cold solution referred to water at the 
same temperature, the volume corresponding to the observed conductance- 
ratio is obtained. 

9. PREPARATION OF THE SUBSTANCES AND SOLUTIONS. 

The sodium chloride used was purified by precipitation with hydro- 
chloric acid gas. It was then washed with hydrochloric acid, dried, and 
finally ignited until decrepitation ceased. 

The potassium chloride was precipitated twice with hydrochloric acid 
gas, crystallized from hot water, dried, and finally ignited. 

Solutions were made up, by weighing out the salts, so as to be almost 
exactly 0.1 and 0.01 normal at 4'. The solutions of smaller conceatra- 
tion were made by diluting the 0.01 normal one with the help of two grad- 
uated flasks. 

The equivalent weights used are as follows: K = 39.14, Na = 33.06, 

^ 35.46. All weighings were reduced to a vacuum. 

The water used throughout this investigation was prepared by redis- 
tilling ordinary distilled water to which alkaline permanganate solution 
was added from a steam-jacketed copper still with a tin condenser. The 
first quarter of the distillate was rejected, and the following portions were 
condensed hot (between 60° and 90°). The water had a specific conduc- 
tance of (0.7 to 1.0) X 10-' reciprocal ohms. 

1 a DISCUSSION OF THE SYSTEMATIC ERRORS AND THEIR CORRECTION. 

ERRORS APPECTIKG THE SPECIFIC- VOLUME VALUES. 

(1) In calculating the specific-volume, the volume of the bomb was 
directly determined at about 135°, as described in section 8, and the 
expansion of the metal from this point to the temperatures of the experi- 
ments was corrected for Andrews,t working with "soft" cast steel, which 
corresponds to the material from which the bomb was constructed, found 
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the mean coefficient of cubical expansion between 100' and 300° to be 
0,0000460 ; and this value was adopted for the corrections. The difference 
between his steel and that used in the bomb can hardly be great enough 
to cause an appreciable difference in the coefficient of expansion, since his 
values for two steels as different as Bessemer steel with 0.15 per cent com- 
bined carbon, and cast steel with 0.45 per cent, differ by only 6 per cent ; 
and an error of even 6 per cent in the coefficient of expansion would pro- 
duce a maximum error, even at 306°, of only 0.05 per cent in the specific 
volume. 

(2) The quartz-crystal cup expands upon heating, thus diminishing the 
volume of the bomb occupied by the solution. The correction for this, 
even at 306°, amounts to only — 0,03 per cent. 

(3) The bomb expands owing to the pressure within. At 306°, where 
this correction is greatest, the vapor pressure plus the air pressure may 
he estimated at 100 atmospheres. Assuming that the modulus of elasticity 
of the steel is 17,372 kgm. per sq. mm., which is the value found by Pisato* 
at 300°, the volume correction due to this cause is -|- 0.025 per cent. This 
is opposite in sign and essentially equal to the precedii^ correction ; they 
therefore eliminate each other. 

(4) The volume of the tube T, is only 0.07 c.cm. or 0.06 per cent of the 
whole volume of the bomb. It is therefore so small that no irregularities 
in the extent to which it is filled witli solution could much affect the result. 

(6) The volume of the bomb depends somewhat on the extent to which 
the large nut is tightened up and the gold packing-ring compressed. Four 
of the gold rings which had been used were chosen at random, and the 
mean thickness of each was calculated from measurements made at eight 
equidistant points with a micrometer caliper. The average deviation from 
the mean thickness of these rings was such as to affect the volume of the 
bomb by only 0.02 per cent So this source of error can be unhesitatingly 
disregarded, especially as each final specific- volume value is the mean of 
the values obtained from several independent experiments. 

(6) The bomb is never completely filled with liquid, the vapor space 
amounting, on an average, to about 1 ccm. or 0.8 per cent of the total 
volume of the bomb (about 124 ccm.). A certain fraction of the water 
is therefore vaporized, and the specific volume appears too small by a 
corresponding amount. The specific volume of the vapor is not yet known 
above 800°, By extrapolation, however, from the values up to 200°, the 
specific volume of the vapor at 218° is found to be seventy-five times that 
of the liquid. From this it follows that at 218° the correction ts only 
t4t + Vgi or about 0.01 per cent. Such a calculation is not possible at 
the higher temperatures, 281° and 306° ; but that no considerable error 

*Nuovo Gmento (3), 4, 1S3 (1878). 
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aris«s from this source was shown by direct experiments. For example, 
when two or more specific-volume determinations were made, the amount 
of solution taken in the different experiments was purposely varied, so that 
the vapor space should vary from about 1.8 ccm. to 1 ccm. If, now, a 
considerable amount of the water were present in the vapor space, the 
specific-volume values obtained would, of course, be larger the smaller that 
space. As a matter of fact, however, the values obtained with the 1 ccm. 
vapor space were as often smaller as they were larger than those obtained 
with the 1.8 ccm, vapor space. In other words, no difference greater than 
the variable experimental error was observed. The error due to this source 
is therefore probably less than 0.1 per cent. 

(7) The temperature measurements may be regarded as accurate to 
within 0.2°; and this of itself introduces an uncertainty of only 0.07 per 
cent in the worst case, that of the 306* values. That the bomb and its con- 
tents actually attained the temperature of the surrounding vapor is shown 
by the fact that the extremely sensitive reading of the upper electrode 
remained constant indefinitely after it had once become so ; and by the fact 
that there could not be a continuous loss of heat of appreciable magnitude 
from the bomb to the surroundings, since upon the sides the bomb was 
protected against radiation and cold convection-currents by the iron shield 
with the vapor outside, and since above there was always a layer of vapor 
10 cm. in height, and since the dropping back of condensed liquid onto the 
bomb was prevented by the mica shield ; moreover, the copper lead-wires 
were only 1.2 mm. in diameter and passed through the upper layer of 
vapor before emerging. 

(8) Another possible source of error might be the gathering of vapor 
bubbles on the under surface of the cover, whereby the apparent volume 
of the liquid would be increased. That this did not occur was shown by 
removing the bomb from the heater, shaking vigorously, immediately 
replacing it, and taking conductivity readings as soon as the temperature 
had again become constant, whereby the same readings were obtained as 
before the shaking. 

(9) The air was not entirely removed from the bomb at the start, and, 
as the solution expands, and the temperature rises, the air pressure 
increases. Assuming that the preliminary boiling had removed all of the 
air from the solution in the beginning, and that there is no solubility of the 
air in the liquid at the high temperatures, its pressure can be calculated 
by the gas laws. At the temperatures of 218", 281°, and 306°, it would 
thus amount to about 1, 2, and 2.6 atmospheres respectively. The effect 
of these air pressures on the specific-volume values can not be calculated, 
since the compressibility at these temperatures is not known; but for 
these small pressures it is undoubtedly less than the errors of observation. 
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(10) If the vapor above the solution had an appreciable conductance it 
would make the conductance between the upper electrode and the bomb 
appear too great. But this is not the case, as is shown by the fact that 
unless the liquid is in contact with the electrode there is no measurable 
conductance here, even at 306° with a 0,1 normal potassiiun chloride solu- 
tion. We can at present assign only an upper limit to the conductance 
of the vapor; but it certainly does not exceed imVoB part of that of the 
solution. 

ERRORS AFFECTING THE CONDUCTANCE VALUES. 

(1) All the errors in the values of the specific volume have an effect of 
the same magnitude upon those of the equivalent conductance, with the 
important exception of that due to the amount of solvent in the vapor 
space at the two highest temperatures, 381° and 306°. No error arises 
from this last source for the reason that, owing to the increase in concen- 
tration of the solution, the specific conductance increases in the same pro- 
portion as the volume diminishes; for at SSI" and 306° (but not at 140° 
and 218°) the quantity of liquid in the bomb was the same in the two 
series of measurements. 

(2) The conductance-capacity might be expected to vary with the height 
of the liquid level in the bomb, but direct experiment showed that for the 
range of the liquid level in our measurements the effect of this was less 
than the error of observation. The smallest amount of solution employed 
in any of the experiments was first introduced into the bomb and the con- 
ductance measured at 36°. Then more of the same solution was intro- 
duced until the liquid was in contact with the whole cover ; but the resist- 
ance was not measurably changed. Mr. A. C. Melcher has shown (see 
section 36, Part IV) that even much larger variations in the quantity of 
solution have no effect. 

(3) The conductance-capacity changes with the temperature owing to 
two causes: first, the expansion of the quartz-crystal cup; and, secondly, 
that of the bomb itself. A direct experimental investigation of the effect 
on the conductance of such changes in the dimensions of the cup and bcHnb 
has been made by Mr, A. C. Melcher and is described in section 36, Part 
IV. The corrections for the conductance-capacity have been based on his 
results. The relative values at the different temperatures are given in 
section 13. 

(4) The effect of the pressure on the conductance-capacity is entirely 
negligible. For at 306' the radius is increased by the pressure 0.01 per 
cent, and this affects the conductance-capacity by even less. 

(6) The resistance of the lead-wires has to be deducted from the meas- 
ured resistance of the bomb; and, since a portion of the leads is subjected 
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to the temperature of the bath, this correction is different for different 
temperatures. This resistance may be considered as made up of three 
parts: R^, the constant resistance of the heavy leads; i?j, the resistance of 
the small leading-in wires, Lj and Z-j ; and i?„ that of the steel electrode 
rod. J?, and R, were measured at room temperature. For the other tem- 
peratures R, was calculated frcan its value at room temperature, i?, was 
calculated from its dimensions and the specific resistance of steel. The 
maximum value (at 306°) of the total resistance of the lead-wires was 
0.061 ohms. 

(6) In the case of the more dilute solutions it was necessary to correct 
for the conductance of the water used. To do this, some water prepared 
in the same way and of the same conductance cold as that used for making 
up the solutions was put into the bomb, and just such a set of experiments 
was made with it as had been made with the solutions. Then for any tem- 
perature the conductance of the water, measured at that same temperature 
and under the same conditions, was deducted from that of the solution. 
This at the same time corrects for contamination, since, with a dilute, 
neutral-salt solution, there is no apparent reason why the contamination 
should not be the same as for water. For the most dilute solution used, 
0.0006 normal, the maximum correction (at 306°) amounts to 1.9 per 
cent. See also section 14. 

(7) In the conductivity experiments, the vapor space at 140° and 218* 
was considerable, so that at these temperatures a correction has to be 
applied for the vaporized solvent, since the solution is more concentrated 
than it would otherwise be. This correction was calculated from the 
known volume of the vapor in the bomb and its specific volume, using for 
the latter the data of Zeuner* which go up to 200°, and extrapolating for 
the 218° value. The correction amounts to + 0.05 per cent at 140' and 
-1-0.18 per cent at 318°. As explained above, it is not required in the 
case of the 281° and 306° values. 

(8) The temperature measurement at 26° is certainly more accurate 
than the work requires. Above this, the temperature reading is probably 
correct to 0.3°. Most of the uncertainty in the equivalent conductance 
values introduced by this possible error finds expression in the specific- 
volume values, and this has already been considered. Besides this there 
is the much smaller effect on the observed resistance of the bomb. The 
total uncertainty in the equivalent conductance arises from both these 
sources; that due to 0.3° is in the worst case (at 218°) 0.09 per cent, and 
where, as has usually been the case, several experiments are made and 
the mean taken, this effect tends to be eliminated. 

'Landolt-Bomstein-Meyerhoffer, Tabellen, 62 (1905). 
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II. THE SPEanC -VOLUME DATA. 

All of the measurements have been included in table 1 (page 36) with 
the exception of two, which, though agreeing well with the others, were 
known to be less reliable. 

The first and second columns are self-explanatory. 

The third column gives the concentration of the solution at 4°, expressed 
in milli-equivalents per liter. 

The fourth column gives the corrected temperature of the measurement. 

The fifth column gives the number of grams of solution which were 
weighed into the dry bomb at the start. 

The sixth column ^ves the volume, expressed in cubic centimeters, 
which, at the temperature (135*) at which the bomb was calibrated, corre- 
sponds to the observed conductance-ratio. This volume was obtained by 
interpolation from a plot made as described in section 8. The actual vol- 
ume occupied by the solution at the higher temperature is greater than this 
by an amount equal to the expansion of the bomb upon heating from 135° 
to that temperature. The temperature-coefficient of volume expansion of 
the steel shell of the bomb is assumed to be 0.000038 per degree. 

The seventh column gives the specific volume of the solution at the tem- 
perature of observation. It is obtained by dividing the values of the pre- 
ceding column, after correcting them for the expansion of the bomb as 
just described, by the weight of solution given in the fifth column. 

The last column gives the ratio of the specific volume at the round tem- 
peratures 218°, 281°, and 306°, to that of the same solution at 4*. Thus, 
this ratio shows the volume occupied by that quantity of solution which at 
4° has a volume of 1 ccm. The values are obtained from those of the 
preceding column by reducing them to these temperatures by means of the 
temperature-coefficient obtained from our specific-volume values, and then 
dividing the results by the specific volumes of the solutions at 4°. These 
specific volumes are as follows : 0.9958 for 0.1 nonnal, and 0.9996 for 0.01 
normal sodium chloride; and 0.9954 for O.I normal, and 0.9995 for 0.01 
normal potassium chloride.'" 

12. SUMMARY OF THE SPECIHC -VOLUME VALUES. 
The final results are brought tc^ether in table 2 (page 36). The value 
at 140° is that found by Himf for pure water reduced from the higher 
pressure which he employed to the vapor-pressure. 

*These values were computed from the densities given by Kahlrausch and Hall- 
wachs (Wied Ann., BO, 1^ 1893) for NaCI at 18", and from that given by Kohl- 
rausch (Leitvermogen der Elektrolyte, 76) for a nonnal KCl solution at 18 , under 
the assumptions tbat the change in denaity is proportional to the concentration and 
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tKBLt l.—The specHic-volume data. 
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The results with the 0.003 normal solution may be regarded as com- 
pletely identical with those that would be obtained with pure water ; for 
this solution contains only about 0.01 per cent of salt; and, moreover, the 
experiments themselves show that there is no difference between the 
specific-volume ratio of the 0.003 and 0.01 normal solutions, and that the 
difference between the latter and that of the 0.1 normal solution is some- 
what less than 1 per cent, which indicates that the order of magnitude 
of the difference between pure water and the 0.002 normal solution is 
0.03 per cent. The specific volume of water is therefore 1.187 at 218', 
1.337 at 281°, and 1.437 at 306°. It is, according to our estimate of the 
possible errors, almost certain that these values are not in error by as much 
as 0.3 per cent, and it is probable that the error does not exceed half this 
amount. Previous detenninations of the specific volume of water at high 
temperatures have been made by Hirn up to 180°, by Waterston* up to 
320°, and by Ramsay and Youngf up to 270°. The values obtained by 
interpolation from the older results of Waterston are 1.194 at 318°, 1.365 
at 381°, and 1.454 at 306°, which are seen to be considerably higher than 
ours, Ramsay and Young, however, found 1.188 at 218° in substantial 
agreement with our value. 

Attention may also be called to the facts that the 0.1 normal solutions 
between 218° and 306° expand appreciably less than pure water, but that 
the difference between the solutions of the two salts scarcely exceeds the 
experimental error. 

13. THE CONDUCTANCE-CAPACITY OF THE APPARATUS. 

The conductance-capacity was calculated from the conductance meas- 
urcmfents at 26°, using for the specific conductances of the 0.1 and 0.01 
normal potassium chloride solutions the standard values of KoMrausch, 
Holbom, and Diesselhorst.J and for the other solutions the values at 18° 
of Kohlrausch and Maltby,I| and the temperature-coefficients of D^guisne.§ 
The quartz-crystal cup which was used for the first half of the meas- 
urements (cell 1) was accidentally broken, and a new one had to be 
substituted for the rest of the work. After making three experiments 
with the new cup, the platinum lining of the lower part of the 
bomb had to be removed and repaired, and this operation changed the 
conductance-capacity. The term cell 11, will be used to characterize the 
bomb as it was in these first three experiments with the new cup, and the 

*Phil. Mag. (4) 26, 124 (1863). 

iPhil. Trans. (A), 183, JOB (1892). 
Wied. Ann., «4, 440 and 451 {1898). 
IWissensch. Abhandlungen phys.-techn. Reiehsanstalt 3, 210 (1900). 
Dissertation, Strassburg (1895) ; Kohlrausch and Holbom, Leitvermogen der 
Elektrolyte, 1B9. 
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term cell ii as it was in all subsequent work. With these exceptions, the 
conductance-capacity calculated from measurements made at widely dif- 
ferent periods did not vary throughout the work. Even when the elec- 
trode was removed because of a leak, and then replaced, it did not make 
any measurable difference, as was, indeed, to be expected, since the value 
is so largely determined by the dimensions of the quartz cup. The values 
of the conductance-capacity, with the solutions from which they were 
derived, are given in table 8. The unit of conductance employed here 
and throughout this publication is the reciprocal ohm. 

Table 3. — Conductance-capacity at 26'. 



Ct[l 1. 


1 


«>...... 


-^S" 


CQatmanCf 


■■buiiiec. 


HI 111- 
ft, liltt. 


<nKitt. 


KOI 
NaCl 

KCl 
NaCl 


100 

100 

10 

2 

3 


0.8294 
0.S2S8 
O.S280 

o.aaso 

0.8317 


KCl 
NaOI 


100 
10 
2 
2 


0.0853 
0.9B45 
0.08SO 
0.0840 




two Taloee 


0.0840 


Mea D of a rat three valuea 


0.8287 




cu 11.- 








NaCT 100 


0.9049 



The original data from which these were calculated are all given in 
tables 5 and 6. Each value is the mean of all of the values calculated 
from alt of the experiments on the solution in question at 26°. 

The values derived from the O.OOS normal solutions are not included in 
the means, because, owing to the higher dilution, they are probably not so 
reliable as the others. They are given here, especially to show that our 
conductance measurements were not affected either by polarization or by 
unsymmetry in the telephone; for had this been the case, our capacity 
values calculated from these sohitions would not have agreed with those 
derived from the 0.1 nonnal solutions. 

As explained in section 10, the conductance-capacity changes with 
the temperature ; the percentage corrections to be applied at the different 
temperatures of the experiments to the values of it at 26° are as follows : 
— 0.23 at 140" ; — 0.41 at 218' ; — 0.56 at 281" ; and — 0.58 at 306°. 



d by Google 



Sections 14-15. — Water CorrecHon and Conductivity Data. 39 
14. THE WATER CORRECTION. 

The conductance of the water at the various temperatures of the experi- 
ments was subtracted from the measured conductance of the solution. 
Two experiments, the data of which are given in table 4, served as a basis 
for the correction. For a fuller discussion of this correction see section 10. 

The last two lines g^ve the percentage corrections to be applied at the 
various temperatures to the observed conductances in the case of a O.OOS 
normal sodium chloride solution. They are given so as to show the order 
of magnitude of these corrections. The correction decreases of course in 
the same proportion as the specific conductance of the solution increases. 

Table 4. — Observed conductance (XIO*) of wafer in the bomb. 
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15. THE CCWDUCnVITY DATA. 

Table 5 (pp. 40, 41) contains the conductivity data for the various solu- 
tions. The first four columns require no explanation further than the state- 
ment that the concentration is expressed in milli-equivalents per liter as has 
been done throughout this series of articles unless otherwise noted. The 
fifth column gives the concentration at the temperature of the measure- 
ment, corrected in the case of the 140° and 218° values for the solvent in 
the vapor space. The correction is made as explained in section 10, and 
amounts to -|- 0.05 per cent at 140° and + 0.18 per cent at 218°. The sixth 
column contains the observed resistances of the bomb, expressed in ohms, 
after correcting for errors in the resistance coils and slide wire, and 
deducting the resistance of the lead-wires. The seventh column gives the 
equivalent conductance obtained by dividing the conductance-capacity for 
the given temperature by the concentration at /" (given in the fifth col- 
umn) and by the resistance (given in the sixth column) after correcting 
it for the water, and by multiplying the result by 10*. 
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Tabu i.-~^ondnclivity data for sodium chlorid*. 
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Taub S. — Condttctivilj data for sodium chloride — Continued. 
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91.72 
20.30 


108.93 
691.3 










25.94 


99.98 


91.72 


108.93 
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Table e.—Condticlivity data for polassi*m ehlonde. 



1903 
Uar. 2 ... 

Feb. 17 . . 
Feb. 16 . . 

Feb. 1» .. 
Mar. 28 .. 

1902 
Anc- 88 . . 

Anc. » .. 
Sept 2 .. 

Sept S7 . 

1903 
Ian. 30 .. 
Feb. 10 .. 

Feb. 13 .. 
Feb. 10 . . 



100.14 

100.14 



26.00 
25.91 
140.2 
218.0 
281. E 
218.1 
140.3 
29.91 
2S.91 
140.0 
218.8 
281.0 
218.9 
140.4 
2S.91 
20.00 
30S.O 
S6.00 
304.1 
305. 4 
35.90 
25.96 



141.2 
220.8 
281.9 
220.8 
141. S 



25.91 
141.2 
217.8 
141.8 



304.3 
309.7 
29.04 



0.4983 
0.3484 
0.4983 



1.089 
1.853 
1.994 
1.994 
1.893 
1.087 
1.496 
1.08S 
1.852 



1.991 
7.006 



90.72 
92.00 
84.04 
74.22 
84.04 
92.90 



99.72 
92.94 
84.45 
92.48 



70.46 
70.15 
99.60 



12981 
2011 
12703 
2790.4 
S28.0 
618.9 
574.0 
619.3 
B24.7 
2778.9 
2783.6 
824.8 
616.1 
573.0 
017.2 
820.8 
2726.8 
3308.6 



148.98 
148.94 
675.0 



63.17 
19.760 
16.300 
19.223 
15.341 
19.701 
63.30 
19.724 



19.094 
19.008 
75.30 



150.32 
1056.5 
151.70 
148.00 
937.4 
780.8 
957.1 
786.2 
939.4 
149.04 
143.82 



790.0 
942.1 
151.S7 
149.0e 
1022.2 
149.18 



146.31 
144.87 
144.1B 

131.96 
452.1 
039.4 
729.3 



131.15 
451.7 

G34.3 



728.0 
732.3 
131.34 
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16. SUMMARY OF THE EQUIVALENT CONDUCTANCE VALUES REDUCED 
TO ROUND TEMPERATURES AND OONCENTTIATIONS. 

The separate conductance values given in tables 6 and 6 were all cor- 
rected so as to correspond to the uniform temperatures of 26", 140°, 218°, 
281°, and 306° by means of temperature-coefficients obtained by plotting 
those values. The so-corrected equivalent conductances are summarized 
in the following table. The concentration in table 7 is expressed in milli- 

Tabls l.^Equivalent conductance at ronnd temperaturet. 

(ODIUM CHLORIDI. 



Due. 


COBCM- 


2«°, 


IMf. 


7lfP. 


m'. 


306". 


..i,i^. 


n.^. 


iBllllL. 


F1Q.L. 


..id... 


FiDll. 


1902 
June 23. . 
June as. . 
June 26. . 

1903 

Mar. IS.. 
Mean.. 

1902 
May 8.. 
Mb7 9.. 
May 10. . 

1903 

Uar. 3.. 
Mean.. 

190S 
May 15.. 
May 16.. 
May 20.. 

1903 
Feb. 20. . 
Feb. 21.. 

Mean.. 

1902 
Apr. 29.. 
Apr. 30. . 
May 1.. 
May 2.. 
June 18. . 
June 19. . 

1903 

Jan. 15.. 

Jan. 17.. 

Jan. IT.. 

Mean.. 


0.4995 
0.499S 
0.4995 

0.4992 


127.48 
127.61 
127.72 

127.05 


127.97 
130.14 
128.45 

127.03 


494.2 
493.9 


492. S 

497.9 
493.5 


751.5 
748.0 


749.1 
748.8 
749.6 


933.0 
933.0 
933.2 


1011. s 




127. 4« 


,1128.851 
|l27.02i 


494.0 


494.7 


749.7 


748.3 


933.1 


1011.9 


2.018 
1.998 
1.998 

1.1995 


125.05 
125.05 
125.20 

125.65 


125.47 
125.38 
125.47 

125.87 


ikio 


483.1 


728^7 


736!b 
729.0 


900.1 
903.0 
901.5 


973.9 




125.24 


,1125.441 
) 125. 87) 


482.6 


483.2 


728.7 


729.8 


902.2 


973.9 


9.990 
9.990 
9.990 

9.977 
9.977 


121.16 
121.10 
121.12 


iki'.in' 


462.4 
462.6 
464.0 


m.6 


689.7 
692.1 
590.1 


egoli 


aaiia 


901.4 
900.5 




12 .11 


462.6 


690.5 


836.6 


901.0 


102.75 
103.11 
101.53 
101.48 
99.90 
99.90 

99.90 
99.90 
99.90 


108.77 
108.83 
109.26 
108. 9B 
109.11 
109.33 

108.87 
109.09 


108.82 
i09;26 

109142 
109.09 

imIm 


465!! 

465!? 
407.1 


403.8 

404.5 
404!4 


585!2 


585.2 
586.2 

sssis 


873.7 
878! 1 

mil 


691.0 





109.07 


«... 


585.4 


676.0 


B91.3 



iried to 281" ■nd to 106', r«p«c|{re1y. 
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Table 7.—Eqmvatenl conductance al round temperatures —Contiaued. 



roTAsuuM CHLORm. 



Dim. 


rF 


MP. 


l¥f. 


iir. 


m". 


JOS'. 


iBhlll. 


F1..I. 


Klllll. 


«„.. 


UIU... 


null. 


1903 

Mar. 20. . 
Mean . 
1S03-03 
Aug. 20. . 
Aug. 25. . 
Mar. S.. 

Mean.. 

1B03 
Feb. 17.. 
Feb. 18.. 
Feb. 19.. 
Har. SB. . 

Mean.. 

l«» 
Aug. 2B.. 
Aog. 29.. 
Bept 2.. 
Sept 27. . 

1903 
Jan. 30.. 
Feb. 10.. 
Feb. 13.. 
Feb. 16.. 

Mean.. 


0.4099 


150.32 


191.70 












1057.6 
1057.6 




ISO. 32 


151.70 


53«.7 
939.4 




786.9 
7S9.4 


786.0 
787.4 


955.8 
966.4 


2.001 
2.001 
1.997 


148.87 
U9.13 
149.02 


140.35 
15S.18 
1*0. IB 


938.4 
940.7 


io22!o 




149.01 


,(150.77) 
h49.18i 


538.0 


530.6 


7S8.2 


786.7 


956.1 


1022.0 


10.04 
10.04 
10.04 
10.04 


144.18 


i4<!42 












941.9 
943.5 




14 


.16 












942.7 

72«.9 
732.3 


100.14 
100.14 
100.14 
100.14 

99.92 
99.92 
99.02 
99.98 


I3t.81 
131.54 
131.40 
13S.0S 

131.51 


:::::: 


448.9 
448.0 
448.0 


450.3 
448!4 


633.S 


S34.4 


::::: 


729.4 




131.S4 




441 


.9 


«..» 


720.9 


730.8 



'ThcM two mcuB refer (o the experiment* cvried to 381° and to S0(°, retpediTeljr. 

equivalents per liter at 4*. In the columns headed "Initial" are given the 
equivalent conductances obtained from the measurement at the tempera- 
ture in question before going to the higher temperatures ; while in the col- 
umns headed "Final" are given the equivalent conductances obtained after 
returning to the temperature in question from the higher ones. From a 
comparison of the separate initial values at any temperature and concen- 
tration the degree of agreement of the determinations made at different 
times, and often with different solutions, will be seen. A comparison of 
the initial and final values in the separate experiments shows the contami- 
nation that resulted from the heating. In the cases of the 10 and 100 
milli-nomial solutions where the contamination is insignificant, both the 
initial and final values have been included in deriving the mean ; in the 
other cases, the means of the initial values and of the final values have 
been taken separately. 

Table 8 contains a summary of best values derived from the means in 
table 7. The general mean of the initial and final values has been directly 
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transferred in the cases of the 100 milli-normal and (except at 306°) of the 
10 milli-normal solutions. In the other cases we have adopted the mean of 
the initial values after correcting it for contamination when this amounted 
to more than 0.35 per cent, as shown by the differences between the initial 
and final values at 26°. This contamination-correction is based on the 
experience that when a solution has once been heated to the higtiest tem- 
perature of any experiment it undergoes no further change of importance 

Table 8.— Best values of tqutvaUnt conductance al round temperatures. 





Mi«. 


tklorite. 


Pnuilm tMoH^c. 


Tnptfi- 










»n. *". 


C«»B<n- 


M-W.k.1 




■4nl»i.« 




lloiiil'°. 




th™!.'". 






0.5 


107.18 


0.5 


128.11 


18 


2.0 


105.55 


3.0 


126.31 


10.0 


101.05 


10.0 


122.43 




100.0 


92.02 


100.0 


112.03 




0.(«3 


491.5 


1.85 


535.0 


1« 


1.85 


482.0 


93.0 


449.0 


9.26 


462.5 








95.8 


405.0 








0.420 


745 


1.63 


782 


31S 


1.66 


727 


84.4 


634 


8.43 


990 








86. S 


585 








0.373 


985 


1.49 


M9 


381 


1.48 


900 


74.3 


730 


7.47 


836 








77.6 


676 








0.346 


1011 


0.847 


lOSl ; 


3oe 


1.38 


973 


1.38 


1022 


6.03 


895 


6.96 


937 




TO.a 


691 


70.2 


730 



either upon continued heating at that temperature or upon cooling and 
reheating. Therefore the difference in initial and final values at 26° cor- 
responds to the change that had already taken place in the solution when 
the measurement at the highest temperature was made. Since, however, 
the conductance of the contaminating substance, if it be a base or acid, 
would have a smaller temperature-coefhcient than that of the salt, it seemed 
best to apply a percentage correction equal to only two-thirds of this differ- 
ence at 186'.* Instead of reproducing our 26° values in table 8, we have 
inserted the more accurate ones of Kohlrausch and Maltby at IS'.f 
•Mathematically expressed the fractional correction in general at any temperature 

the hi^est temperature of each series of experiments. 
tWissensch. Abhandl. phys.-techn. Reichsanstalt, 3, 210 (1900). 
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In order to compare the conductivity values at different temperatures, 
it is desirable to correct those directly measured for the change in concen- 
tration produced by the expansion when a given solution is heated. The 
values in table 8, which, owing to this expansion, refer at different tem- 
peratures to somewhat different concentrations, as is there indicated, have 
been reduced to the nearest round concentrations, by a graphic interpola- 
tion with the help of the nearly linear function — ^ — — 1- /f (CA)"*' (See 
section 17.) The so-reduced values are presented in table 9. 

In the subsequent stages of these researches various other measure- 
ments of the conductivity of sodium and potassium chloride solutions have 
been made by other experimenters, namely, by A. C- Melcher, by G. W. 
Eastman, and by H, C. Cooper. This has been done partly as a control 
and partly in order to complete this first series of measurements. The 
details and original data of these experiments will be presented in the later 
articles of this series ;• but in order to simplify and shorten the discus- 
sion of the results we have included all of their final values, together with 
our own, in table 9. Our values are indicated by adding the letters N-C 
to the data, those of A. C. Melcher by the letter M, of G. W, Eastman by 
the letter E, and of H. C. Cooper by the letters Cp. The best final values 
which we have derived by combining all these data, a double weight being 
usually assigned to the later determinations, are printed in black type in 
the table. The values at 18° are those of Kohlrausch and Maltby. The 
values at 0' for potassium chloride are means derived from the closely 
concordant determinations of Whethamf and of Kahlenberg.^ All the 
other data in the first table for potassium chloride were obtained by G. W. 
Eastman in this laboratory. The values given in parentheses for zero 
concentration were obtained by graphic extrapolation with the help of the 

empirical formula 7- = t K(Ca)'*, as described in section 17. 

In this table, as in all those containing final values throughout this publi- 
cation, the concentration is expressed in milli-equivalents per liter, using as 
atomic weights the values given by the International Commission for 1905 ; 
the temperature is expressed on the hydrc^n^as scale, using for the 
reduction to this scale at 218°, 281°, and 306° the values found for the 
boiling-points of naphthalene and benzophenone by Jaquerod and Wass- 
mer ; and the equivalent conductance is expressed in reciprocal ohms and 
refers to a concentration at the temperature under which it stands equal to 
the value given opposite to it in the first column. 

•See section *t, Part IV, and section 9*, Part V. 
tZ. phys, Chem.. 33, 351 {1900). 
tj. Phys. Chem., 5. 348 (IWl). 
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Tabu 9.— Final values of the t^mooleitt conductance. 









WDIUI, 


CHLORIDI 








Sl^T 


18°. 


\«fi. 


mfi. 


15tf>. 


tie. 


».. 


X^. 


0.0 


100.0 


am 


soo 


SOS 


7m 


970 


1080 


0.5 
0.5 


m'.ii 


j«:|op. 


491 N-C. 


i«cp. 


743 N-C. 


923 N-C. 

m 


1003 N-C. 


2.0 
1.0 


losio 


M»!o B. 
349.0 Cp. 

au.o 


481N-CI 


534 Cp. 
BM 


723 N-C. 

nacp. 

TM 


895 N-C: 


959 N-C. 
954 H. 


10.0 
lo.o 


ioi!o 


33s!3Cp. 
8S6.B 


461 N-O. 

iii' 


511 Cp. 
611 


MS N-C. 

essu. 

SS4Gp. 
08S 


saiN-c. 

820 M. 

sao' 


870 N-C. 
857 M. 

860 


80.0 
80.0 


wis 


soi.oB. 

•01. 


411 N-O. 
411' 


450.5 B. 
4S0.B 


690 N-O. 
591 M. 
BOO 


674 N-O. 
674 M. 
674 


•76 N-C. 
682 M. 
680 


lOO.O 
100.0 


ii'.o 


2m!oB. 
MO.O 


I03.3N-O. 


441.5 









10.0 
80.0 
100.0 



79.B 
77.5 

n.8 

71.5 



lao.i 

118. 1 
IM.S 
I1I.4 
1U.5 
lll.O 



SSBEI. 
560 B. 



77» N-C. 
741 H. 



880 N-G. 
674 H. 



470.0 
415.0 



IIM 

louN-a 

BN-a 



10.0 

80.0 
80.0 
100.0 
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An examination of table 9 shows that the results obt^ned independently 
by the various experimenters in this laboratory with diflterent sets of ap- 
paratus and different solutions agree in almost all cases within 0.8 to 0.3 
per cent, except at the temperature of 30C°, but that at this temperature 
there are several deviations of nearly 1 per cent. Except at this highest 
temperature the agreement is entirely satisfactory and indicates a cor- 
responding precision of the results ; and even at 306° it is probable that the 
final values adopted are not in error by more than 0.3 per cent, since the 
later measurements made in larger number and after more experience 
by Mr. A. C. Melcher are probably more accurate than our own, 

17. CHANGE OF EQUIVALENT CONDUCTANCE WITH THE 
CONCENTRATION. 

It is a well-known fact that the mass-action law does not express even 
approximately the change with the concentration of the ionization of salts 
and strong acids and bases, when this, in accordance with the familiar 
hypothesis of the ionic theory, is calculated from the conductance ratio 
A/Afl. This has led to the proposal of numerous other functions,* which 
have for their purpose an accurate representation of the experimental 
values of the equivalent conductance and the ionization values deduced 
therefrom. The extended discussion of the matter has not yet led to any 
conclusion, so far as the theoretical explanation of the phenomenon is 
concerned. There have, however, been discovered some simple empirical 
formulas which at ordinary temperatures express the observed results 
satisfactorily. 

Those which contain only a single arbitrary constantf have the follow- 
ing form when expressed in terms of the equivalent conductance (A) at 
any concentration C and the limiting conductance Ag at zero concentra- 
tion; 

-~ — = K (Kohlrausch) *, — = K (Barmwater) 

~f^ = K (van't Hoff) ^^^ ~ ^ (R"(IolpW) 

♦Compare Kohlrausch. Wied. Ann., 26, 200 (1885) ; 50, 394 (1893) ; MacGreBory, 
ibid., SI, 133 (1S04) ; Barmwater. Z. phys. Chem., 28. 134, 438 (1899) ; SabaL ibid., 
41, 224 (1902); Muller, Compt rend,, 128, 605 (1899); Rudolphi, Z. phys, Chem., 
17, 38B (1896) ; van't Hoff, ibid., 18, 300 (1895) ; Kohlrausch, ibid., 18 6«2 (1895) ; 
Storch, ibid., IB, 13 (1896); Bancroft, ibid., 31, 188 (1899); Jahn, ibid., 37, 490 
(1901J ; 41, 265, 28S (1902) ; Nemst, ibid., 38, 493 (1901) ; Bousfield, ibid., 83. 263 
(1905) ; Kohlrausch and Mallby, Wisscnsch. Abhandl, phys.-techn. Reich sanstalt, 3, 
219 (1900); Kohlrausch, Sitzungsber., preus. Akad.. 44, 1002 (1900); Kohlrausch 
and Steinwehr, ibid., 1902, 681 ; Kohlrausch and Gruneisen, ibid., 1904, 1215. 

fKohlrausch and Maltby (loc ciL, p. 219) and Kohlrausch and Gruneisen (loc.cit) 
find that the fonnala A, — A^^KC^ applies closely to the results with uni-univaleni, 
uni-bivalent, and bt-bivalent salts between 0,002 and 0,0001 normal, but that large 
deviations exist at hi^er concentrations, even at O.OI normal. 
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It seemed therefore to be of especial interest to test the applicability of 
these formulas at the widely different temperatures employed in our 
experiments. When such a test is made by direct substitution the results 
are in a high degree dependent on the values of A;, employed, since in 
dilute solutions A, — A is a relatively small quantity ; yet in several 
instances authors have not given sufficient consideration to this matter. 
The most satisfactory method of procedure seems to us to be the elimina- 
tion of the Ag value, which can not be determined with sufficient accuracy 
by extrapolation, by writing the functions in the following form : 
K — Ji^ — KO (Kohlrausch) A = A^ — A" A' C* (Barmwater) 

A = Ao — Ji:A<C»(van't Hoff) A = A^ — A" A» C (Rudolphi) 

and then plotting the values of A along one coordinate axis and those of 
the C-h. function constituting the last term (that is, €*, A* C, etc.) along 
the other axis. If the function in question holds, the points will of course 
He upon a straight line; and by comparing, in the case of the different 
functions, the deviations of the separate points from the best representa- 
tive straight line that can be drawn, a measure of the degree of applica- 
bility of each function is obtained. All our complete series of measure- 
ments and those of Kohlrausch and Maltby on the same salts at 18' have 
been studied in this way, a plot on a very large scale being employed. 
The straight lines were drawn in every case so as to represent most 
closely the points for the concentrations 100 or 80, 10, and 2 milli- 
normal, and the average of the percentage deviations of the observed A 
values at these three points taken. These averages for the two functions 
are given in the following table under C* and (CA)*, respectively. 

Tabu W.^Mean ptrceutage deviations of the observed values of the equivalent 
conductance from those calculated by the cube-root functions. 





So4lgD 


u«tu. 




cMo.14.. 


"'"■ 


ci 


(CA)i 


ct 


(c*)l 


18 


0.1 


0.15 


0.05 


0.05 


100 


0.05 


0.1 


0.1 


0.05 


140 


O.OS 


0.1 






156 


0.1 


0.15 


0.15 


0.05 


21S 


0.15 


0.3 


o.a 


0.3 




0.45 


0.35 


0.05 


0.1 


309 


0.4 


0.4 


0.45 


0.3 



It will be seen that the deviations from either function are insignificant 
up to 156°, but that they become considerable at the higher temperatures. 
It may be of interest to state also the percentage deviations of our straight 
line corresponding to the Kohlrausch function from the points repre- 
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sendi^ the conductances of sodium and potassium chloride at 18° in 
the still more dilute solutions investigated by Kt^rausch and Maltby. 
These deviations are — 0.53 and — 0,42 per cent, respectively, in case of 
the 0.0001 normal solutions, and — 0.36 and — 0.25 per cent, respectively, 
in that of the 0,0002 normal solutions. Thus this function does not satis- 
factorily represent the results at very low concentrations, and seems there- 
fore unsuitable for obtaining the value (A„) at zero concentration. 
Moreover, this function, as well as that of Barmwater, does not seem to 
admit of any theoretical interpretations, since it does not even correspond 
to any functional relation between the concentrations of the ions and 
un-ionized molecules. 

The fact that the van't Hoff equation does not satisfactorily express 
the results with many salts* at 18° and 25" has led to the suggestion 
by Storch and later by Bancroft that a general expression of the form 
Aa — A = KX'C'-* be employed, the exponent n being varied as required 
by the results with different salts. An equation of this general form has 
the advantage that it does express the concentrations of the ions and 
un-ionized substance as a function of each other. This becomes obvious 
when the function is written in the form C(Ao — A) ^ X(AC)", which 
is equivalent to C(l — y) ^ const, X (Cy)", where y is the conductance 
ratio (A/Aj) or the fraction of the salt ionized. That such an expres- 
sion with three arbitrary constants (assuming that A^ is to be deter- 
mined with the help of the function itself) can be made to express the 
conductivity fairly accurately through a considerable range of concen- 
tration is obvious. It is nevertheless of interest to determine what values 
of the exponent n must be used for different salts and for the same salts 
at different temperatures. For this purpose it is best to write the equation 
in the form 

i. = l+i..(CA)- 

and to plot the values of— against those of (CA)"-', the exponent being 

given successively different values (in the neighborhood of 0.5) until 
the points fall as nearly as possible on a straight line. We have done this 
with the final values for sodium and potassium chloride given in table 9. 
The values of the exponent h so found at various temperatures are 
given in table 11, It was usually possible to determine them within 0.03, 
It will be seen that the exponent varies but little with the temperature, 
and that the results do not correspond at all closely at any temperature 
with the mass-action law, which requires the exponent 2. 

•See Kohlrausch and Maltby, loc. cit, p. 283. 
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TAKLeli.— yalues of the eiepontntH in the function Ci^~ A} = K<,C^)'. 



tglxlllDH. 


If. 


ItP. 


MXf. 


I^CP. 


IS*'. 


!18". 


ISl". 


JOS". 


KCl 

NaCI 


l.BO 


1.42 
1.42 


1.40 
1.48 


i!48 


1.40 
1.60 


1.48 
1.60 


1.50 
1.47 


1.48 
1.4« 



This form of function seems to us to furnish the best means of deter- 
mining the value of A^, at any rate in cases where a series of accurate 
measurements at very small concentrations is not available; we have 
therefore employed this method generally throughout this series of inves- 
tigations. The values of A, given in table 9 (except those at 18° which 
were derived by Kohlrausch and Maltby) were obtained in this way by 
graphic extrapolation upon the plots just referred to. 

It is interesting to compare the A, values to which this method leads 
with those derived by Kohlrausch and his co-workers at 18° by appli- 
cation of the function A^ — A = KC* to his own conductivity-values at 
very small concentrations (0.1 to 2 milli-normal) . We have made the 
necessary calculations for seven salts of two different types with the 
following results. The table also contains the results obtained by Kohl- 
rausch by applying the function Ao — A = KOa.' at concentrations 
between 0.1 and 100 milli-normal. 





KCl. 


Brfl. 


KH(M, 


A.NO.. 


Bi(NO>]i 


KlMh, 


C.c... 


AobyA,-A— A^CA)"». 
A,byA,-A = ArC»A'... 
A,byA.-A=A'C' 


130.C 
130.1 
129.9 


109.B 
109.0 
108.9 


126.3 
126.5 
128.4 


115.7 
lis. 8 
lis. 8 


117.0 
117.7 
117.0 


134.7 
133.5 
132.6 


119.0 
117.5 
116.7 



The values of A, obtained from the conductances at moderate con- 
centrations either by the Storch function or the Kohlrausch function 
A, — A =KC*X' are seen to be usually somewhat higher than those derived 
from the conductances at very low concentrations; but the differences 
are not as a rule very important, being less than 1 per cent, except in the 
last two cases. 

•Assuming it— J =0.42 for KQ and NaCl, 0.50 for KNC 0.52 for AgNOi, 0.55 
for Ba(Na)>, 0.45 for KiSO., and 0.40 for CaCL, which are the values which give 
a most nearly linear function between 2 and 60 milli-normal. With KiSOi, however, 
no value of the exponent gave a fully satisfactory expression of the conductance 
values. Incidentally il is of interest to note that the conductance value at 100 
milli-normal was greater than that required by the assumed function by the following 
percenUge amounts: 0.36 for KCl, 0.00 for NaCI, 0.08 for AgN<\ 0.00 for 
Ba<N0i)9, 0.4 for K,SO„ and 0.3 for CaCU- 
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18. CHANCE OF THE EI^VALENT CONDUCTANCE WITH THE 
TEMraRATURE. 

Wc shall in this section confine our considerations almost wholly to 
the effect of temperature on the conductance (A„) extrapolated for zero 
concentration ; for at higher concentrations the equivalent conductance 
of the salt is the product of two factors — the degree of ionization of the 
salt and the equivalent conductance of its ions ; and the first of these 
factors is best discussed separately, as will be done in section 19. 

Attention may first be called to the fact that the limiting conductances 
of the two salts approach equality as the temperature increases ; thus the 
ratio of A„(N.ci) to A^koo has the following values at the various temper- 
atures: 



The percentage difference in the migration-velocities of the potassium 
ion and sodium ion, therefore, becomes less, the higher the temperature. 

In order to show more clearly the character of the relation between 
migration-velocity and temperature we have calculated the mean temper- 
ature-coefficients (AAo/aO f*^"" ^l"^ successive temperature-intervals, and 
these were found to be as follows: 





o-ie 


18-SO 


le-ioi 


so-ioo 


1«1-156 


156-IIB 


21S-2S1 


281-306 


KCI 

NaCl 


a.TO 


3.20 


3.46 
3.09 


3.63 


3.77 
3.44 


3.23 
3.31 


2.86 
3.33 


4.60 
4.40 



It will be seen that up to about 156* the temperature-coefficient of the 
conductance values extrapolated for zero concentration increases steadily, 
and then, between 156* and 281°, decreases markedly in the case of potas- 
sium chloride and remains nearly constant in the case of sodium chloride, 
while above 281° a pronounced increase again takes place with both salts. 

It is also of interest to compare the fractional change in equivalent 
conductance with that in the viscosity of the water ; for the former is doubt- 
less more closely related to the latter than to any other simple physical 
property. The viscosity (ij) of water has been measured by several 
experimenters at temperatures below 100° and by de Haas at 124°, 142°, 
and 153°.* In the table on the next page are given in the same columns the 
ratio (An),,: (Aa)ti for potassium chloride and ijniiju for water for a 
number of consecutive pairs of temperature. The values of the viscosity jj 
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used up to 100° are those of Thorpe and Rod^r and for 128° and 156° the 
values were interpolated from the data of de Haas. 





Sli" 


h-SO 
h-18 


h-7S 
h-SO 


h-lDO 
(1= 7S 


h-iia 




(Ao)(.:(Ao)l,.... 


1.60 
1.69 


1.78 
1.92 


1.38 
1.44 


1.89 
1.34 


1.26 

i.sa 


1.20 
1.20 





It is evident that there is a parallelism in the change in the two prop- 
erties, but that at all temperatures the viscosity is changing considerably 
more rapidly than the equivalent conductance. 

Finally, attention may be called to the fact that at the highest concen- 
tration (80 milli-nomial ) the equivalent conductance of potassium chlo- 
ride passes through a maximum value between 281° and 306°, owing 
to the increase in the equivalent conductance of the ions being compen- 
sated by decrease in ionization ; and that of sodium chloride nearly attains 
such a maximum. 

19. lONIZATICW VALUES AND THEIR CHANGE WITH THE 
CONCENTRATIOTJ AND TEMPERATUREL 

The percentage ionization of the two salts at the different concentra- 
tions and temperatures, obtained by dividing the values given in table 
9 of the conductance at any concentration by that extrapolated for zero 
concentration, is shown in table 13. 







Table 


12.— Percentage 








h,.«..„ 


CfKtf 

UMku. 


iff>. 


ivfi. 


14ff>, 


1S6°. 


118". 


281". 


306". 


NaOl 




0.5 

S.O 
10.0 
80.0 
100.0 



o.s 

2.0 
10.0 
80.0 
100.0 


lOO.O 
98.4 
96.7 
S3.« 
95.T 
84.3 

100.0 
98. G 
97.1 
94.2 
ST. 3 
86.0 


100.0 
98.2 
96.4 
92.7 
S3.S 
81.8 

100.0 

«;» 

01.1 
BS.6 
81.2 


100 
98 
96 
92 

80 
100 
H 

80 
79 



2 
2 
2 

2 

7 

S 

6 

1 


IDO.O 
BS.2 
90.2 
92.1 
81.2 
79.6 

lOO.O 

94!2 
89.7 
79.7 
78.3 


100.0 
97.3 
94.9 
90.2 
77.7 

100.0 

89. a 

77.3 


100.0 
96.1 
SS.3 
84.S 
69.S 

100.0 

m!3 
86.9 
71.0 


100.0 
92.8 
87.S 
T0.6 
62.9 

100.0 
93.3 
90.0 
81.2 
«4.8 





The change of ionization with the concentration at any definite tem- 
perature does not require special discussion since the functional rela- 
tion must be of a corresponding form to that between equivalent con- 
ductance and concentration, which was discussed in section 17. It will 



d by Google 



S4 Conductivity of Aqueous Solutions. — Part II. 

suffice to recall that the results with the two salts are satisfactorily 
expressed up to 156° (except at very low concentrations) by the functions 
(1— y) =KC* And (1 — y) = K(Cyy, where y is the conductance-ratio 
A/Ao or the ionization; and also that when the function C(l — y) = 
K(Cy)' is applied to the data the value of the exponent « varies at 
different temperatures only from 1.40 to 1.50 in the case of either of 
the salts. It is worthy of note that the last function may also be written 

in the form: -^ ^_ . = JC(Cy)*' where m, which is equal to 2 — «, has 
values between 0.60 and 0.60. 

It will be seen that, especially in the 80 milli-normal solution, the ioni- 
zation has decreased very greatly at the higher temperatures, namely, 
from 86 - 87 per cent at 18" to 63 - 64 per cent at 306° ; and that the 
decrease is becoming extremely rapid at those temperatures. 

Table 12 also shows that the ionization values for the two chlorides are 
nearly identical at all temperatures and concentrations, the variations 
being irregular and sometimes in opposite directions. 

20. SUMMARY. 

In this article has been described the construction of a platinum-lined 
bomb of 184 ccm. capacity with electrodes insulated by quartz-crystal 
cylinders, by means of which the conductivity and specific volume of 
aqueous salt solutions can be determined with an accuracy of 0.2 or 0.3 
per cent, at least up to a temperature of 306*. 

Measurements of the conductivity and specific volume have been made 
upon solutions of sodium and potassium chlorides at concentrations vary- 
ing from 0.0005 to 0.1 normal, at the temperatures 100°, 140°, 166°, 318°, 
281°, and 306°, Conductance values for potassium chloride at tempera- 
tures intermediate between 18° and 100° have also been presented. For 
the final results see table 9, page 47. 

The results obtained with these salts show that even at the highest 
temperature the ionization calculated from the conductance-ratio does not 
change with the concentration in much closer accord with the require- 
ment of the mass-action law than at the ordinary temperature. Vari- 
ous empirical functions which have been proposed for the expression of 
the change of conductance with the concentration were tested as to their 
applicability to the results at these widely different temperatures by a 
graphical method by which the effect of the uncertainty in the equivalent 
conductance (A„) for zero concentration was eliminated. It was 
found that of those containing only two arbitrary constants the ones 
given by Kohlrausch, A, — A = KC*, and by Barmwater, A^ — A = 
K\*0, were satisfactory at temperatures up to 156°, but that at higher 
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temperatures there were considerable deviations between the observed and 
calculated values. To make applicable the general function Ag — A = 
Ka.'C'-' (of which the van't Hoff function A^ — A = KA C is a special 
case), it is necessary to vary the exponent n somewhat with the nature of 
the salt and with the temperature. The values of « lie, however, between 
1.40 and 1.50 for both salts at all temperatures. 

The conductance values extrapolated for zero concentration, and there- 
fore the migration- velocities of the ions, were found to increase with the 
temperature steadily, but not uniformly. It is shown that at any rate up 
to 1S6° there is a rough parallelism between the equivalent conductance 
of the ions and the fluidity (reciprocal of the viscosity) of the water as 
determined by other workers; but that the latter increases at all these 
temperatures somewhat more rapidly than the equivalent conductance of 
completely ionized potassium chloride. 

The ratio of the equivalent conductance of sodium and potassium chlo- 
rides at zero concentration decreases from 0.84 at 18° to 0.96 at 306°, show- 
ing that the migration-velocities of the sodium and potassium ions are 
slowly approaching relative equality, 

The degrees of ionization of the two salts are nearly identical (extreme 
variation about 3 per cent) at all temperatures and concentrations. The 
tonizatitm in 0.08 normal solution has approximately the following values : 
86 per cent at 18°, 83 per cent at 100°, 80 per cent at 156°, 77 per cent at 
818°, 70 per cent at 281", and 63 per cent at 306°. It is decreasing with 
great rapidity at the higher temperatures. Its change with the concen- 
tration is at all temperatures accurately expressed by an equation of the 

(Cy)* 
form ff r- _ \ = KiCy)" in which the exponent « always has values 

lying between 0.50 and 0.60. 

The specific volume of the 0.003 normal solutions, which can be 
regarded as identical with that of pure water, was found to be 1.18? at 
218', 1.837 at 281°, and 1.437 at 306*. The expansions of the two 0.1 
normal solutions are substantially identical, but somewhat less than that 
of water, as is shown by the fact that the ratio of their specific volumes 
at 306' and 4° is 1.484, instead of 1.437. 
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Part III. 
LATER MODIFICATIONS OF THE APPAKATUS AND METHOD. 

Since the work described in Part 11 of this publication was completed, 
three other bombs and various heaters have been constructed and used, 
and the experience gained in constructing these, and especially that gained 
in adapting the apparatus to use at still higher temperatures, has led to 
certain important modifications in the original apparatus and method, 
which will be here described. 

21. NEW MATERIAL FOR THE SHELL OF THE BOMB. 

A hot-rolled, open-hearth, low-carbon steel has been employed in the 
three new bombs instead of the crucible steel used in the original one. 
This material works much easier in the lathe and thus makes the con- 
struction of the shell easier. It is probably also better adapted to the 
purpose, since ductility rather than extreme tensile strength is desirable. 

These bombs were all cut without forging from one bar of the steel, 
as was also a test piece for the determination of its coefficient of heat 
expansion. This last was determined in this laboratory by Mr. R. B. 
Sosman by means of the Abbe-Fizeau dilatometer as improved by 
Pulfrich.* For this purpose the specimen in the form of a ring 5 mm. 
thick, and of 32 mm. external and 22 mm. internal diameter, was cut out 
of the solid stock, takit^ care in machining it that the last cuts should 
be very light, so as not to change the properties of the steel by the 
mechanical treatment, Mr. Sosman found for the true coefficient of 

linear expansion (o = -p-j-) between the limits of temperature 0° and 
360" : 

Wa = 116 -I- 0.101 1 
or for the volume of the bomb (Vt) at /' ; 

f , = V,il + U5X 10 '( + 0.1B2 X 10-^ n) 

22. SCREW-THREAD ON THE STEEL SHELL. 
The ordinary thread of the form S originally used has been replaced 
by a thread of the form ^, as is illustrated in fig. 9. This form of thread 
reduces friction, prevents the spreading of the large nut with use, which 
was noticeable with the ordinary thread and which, of course, weakened 
the bomb, and prevents the slight lifting of the cover which took place, 

•Z. Instrumentenkundc, 13. 365, 401, 437 (1893). 
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due to the spreading of the large nut when the pressure came on within 

the bomb and when, at any stage of the heating, the large nut was 

heated faster than the lower part of the bomb. 

A second screw-thread of exactly 

the same size as the first is also cut 

below the hexagonal part of the steel 

shell, as shown in the same figure. 

This screws into the special chuck 

described in section 33, and so helps in 

the construction of the bomb and in 

the removal of the platinum lining 

_ from the shell. (See section 26.) 

F». 10. ^ ' 

23. SPECIAL LATH&<HUCK USED IN THE OWSTRUCnON <»■ THE BOMB. 

The construction work has been greatly facihtated by the use of a 
special lathe-chuck. This is shown in vertical section in fig. 10. It is 
a cup-shaped piece of cast iron which at the lower end screws on to the 
spindle of the lathe. The upper end is made to take the thread on 
the shell of the bomb. All of the finishing of the shell, both at the top 
and bottom, is done with the latter screwed into this chuck, with the result 
that the bomb can at any time be brought into the lathe so as to run 
perfectly true. 

24. A NEW COMPOSITE LINING FOR THE BOMB. 

The original form of the platinum lining of the lower part of the 
bomb was, when once in place, perfectly satisfactory for work up to 
306°. But for hi^er temperatures the lining always leaked at the curved 
portion near the bottom. This was doubtless due to the unequal 
expansion upon heating of the shell and lining. These were fastened 
together by the screws and packing-ring at the upper end and by the 
electrode at the lower end. Upon heating there was a tendency for the 
steel, which expands more than platinum, to draw away from the latter, 
leaving it unsupported at the bend. The effect of this was not evident 
up to 306°, but at higher temperatures it caused a very bad leak, for at 
these temperatures water passes freely through the pores of the platinum 
at any unsupported place. Moreover, there was always a great deal of 
difficulty in originally fitting the lining to the curved portion of the 
bottom, so that upon first applying the hydraulic pressure the lining 
often tore at this point. 

These difficulties are entirely obviated by doing away with the curved 
portion, thus making the bottom flat, and by using a lining made in 
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part of platinum and in part of gold. This plan is illustrated in fig. II. 
a, a is the flange, which is now made of a platinum-indium alloy con- 
taining la per cent of iridium ; for this alloy is sufficiently hard for the 
purpose and can be rolled into the groove in the shell without the slight 
danger of cracking inherent in the use of the 15 per cent alloy, h, b is 
the body of the lining and is made of commercially pure platinum, which 
has the advantage of being somewhat more ductile than tftie ordinary 
platinum containing about 3 per cent of iridium, j, c is a cup of tine gold, 
formed by pressing a sheet of gold through a die. It is about 1 cm. high 
and is fused at its upper edge only to b, b. Its advantages over platinum 
are that it is more ductile and therefore easier to fit in place ; that it prob- 
ably does not offer so easy a passage through its pores to water at high 
temperature; and that its expansion-coefficient is nearly equal to that of 
steel, thus diminishing the difference in expansion of the 
lining and shell, d is a circular disk of platinum-iridium 
alloy with 15 per cent iridium, about 1.3 cm. in diameter. 
The use of some such hard and smooth material is imper- 
ative at this point, since otherwise the lining would 
become indented under the V-shaped ridge on the end of 
the quartz insulator, and it would then be very difficult, 
after the first time, to put in an electrode so that it would 
be tight. 

p,, II The flange is still, as it was originally, soldered with 

fine gold to the body of the lining. The upper end of the 
gold cup is very easily fused to the platinum by bringing the flame of the 
blast lamp onto the outside of the platinum a little above the level of the 
cup. Before fastening the cup in place it is well to put in the platinum 
piece, d. For this purpose the gold cup is inverted, and the disk, which is 
about 2 mm. larger than the hole in the cup, is placed over it. The flame is 
then brought onto the platinum. 

The thickness of the different pieces of sheet metal used in the lining 
is, as originally, 0.41 mm, 

25. A METHOD FOTt REMOVING THE UNINC BY HYDRAULIC PRESSURE. 
The original method for removing the lining, described in Part II, 
section 5, was applicable only in case the bomb had not been previously 
heated. In case it had been heated, no method was available for removing 
the lining without spoiling the flange and seriously straining the metal 
composing the body of the lining. But by utilizing the chuck described in 
section 83 the lining can at any time be readily removed without injury by 
a method to be now described. The same method would also be applicable 
to the removal of the lining from calorimetric bombs, or even to the 
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removal of a long cylindrical platinum tube from a surrounding reinforc- 
ing tube. 

The lower electrode is first removed from the bomb and replaced by the 
steel piece shown in fig. 3, section 5, Part II, a gold washer being placed 
under the V-shaped ridge to protect the lining and to make the jcint 
tight. A hardwood piece is then turned to fit the inside of the bomb as 
closely as possible. The auxiliary cover shown in fig. 4 is next fastened on 
in the usual way, and the bomb is then screwed into the cast-iron cup, fig. 
10. A hydraulic pump is now connected with the bottom of this cup and 
oil is forced into the space between the bomb and the cup. This oil flows 
through the small holes in the steel shell and presses the lining on to the 
hardwood piece within. A pressure of about 35 atmospheres, kept on for 
two or three minutes, suffices. The bomb is then taken apart, and the 
wooden plug with the lining on it may be readily removed. The lining is 
then removed from the wood by heating it until the wood is slightly 
charred. 

26. A MORE DEUCATE LEAKAGE TEST. 

The original test of the lining with the hydraulic pump proved to be 
insufHcient, as the bomb may stand this test and yet permit the escape of 
steam at high temperatures. The following has been found to be a much 
more delicate and satisfactory test : 

The cover and lower part of the bomb are connected separately by 
means of the auxiliary pieces, figs. 6 and 4, section 5, Part II, with a 
cylinder of liquid carbonic acid, thus subjecting them to a gas pressure 
of about 50 atmospheres. Before doing this the lining must be carefully 
dried, best by rinsing with alcohol and ether, and it is well to insert in the 
bomb cavities a little absorbent cotton, to take up any trace of liquid 
which might be originally present in the tube connected with the carbonic 
acid cylinder. The part being tested is then immersed in a glass jar of 
xylene, or of some other colorless liquid which does not absorb carbonic 
acid. The position of a leak is shown by the hole in the steel shell from 
which the gas bubbles are seen to emerge. 

27. SOUD PLATINUM-IRIDIUM ELECTRODES. 

The platinum -covered steel electrodes originally used were somewhat 

inconvenient because of the difficulty that attended their removal. After 

a few experiments the brass nut, N, fig. 1, Part II, always got rusted 

on so that it could not be taken oflE with the wrench. This difficulty has 
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been obviated and the construction rendered much easier by making 
the electrode entirely of a platinum-indium alloy with 16 per cent iridium. 
This material is about as hard as steel and takes a good, strong screw- 
thread. Two forms of this electrode have been used. Of these, fig. 
12 shows the form adapted to the inside of a quartz cup. It is made by 
screwing two circular disks, one 0.5 mm. thick and 15 mm. in diameter, 
and the other 1.6 mm. thick and 6.3 mm. in diameter, 
tightly onto a rod 3.17 mm. in diameter, and then 
soldering them together and to the rod with pure gold. 
The disks must be screwed on, since riveting with 
subsequent gold soldering does not hold. The rod is 
then held in the lathe-chuck while the upper portion is 
turned true. 

For poorly conducting solutions the quartz cup may 
advantageously be replaced by a plain cylinder, as this 
exposes less quartz surface to the action of the solution. 
The electrode is then given the form shown in fig. 13. 
Tm- 12. Fn. 13. ^s before, the rod is screwed and gold-soldered into 
the upper portion of the electrode. To increase its effective area this elec- 
trode is corrugated both along and at right angles to its axis, and to facili- 
tate the escape of gas and vapor bubbles the points resulting from the cross 
corrugations are made to slant upwards, as shown in the figure. For the 
same purpose a series of concentric grooves is turned in the upper end 
surface. 

With the use of this platinum-iridium alloy instead of steel for the 
electrode rod, the compensating washer, Z, fig. 1, has to be made of some 
material having a smaller coefficient of expansion than steel. Fused 
silica has been found entirely satisfactory for this purpose; and, as it 
is an electrical insulator, the mica washer M is no longer needed. Since 
fused quartz is very brittle it is necessary to make the upper portion of 
the nut N larger, so as to present a larger bearing surface on the washer. 
It is conveniently made from a piece of round brass rod, the lower portion 
being filed hexagonal to take the wrench. 

It was thought that cups of fused silica might be cheaper to make 
than those of quartz-crystal, and this has proved to be the case. But 
the material is not adapted to this purpose, because of its extreme brittle- 
ness, for much more care has to be exercised in working it and the little 
ridges which serve to make the joints tight seem invariably to crack 
upon using. 
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28. APPARATUS AND METHOD FOR ROTATING THE BOMB IN 
THE HEATERS. 

It was evident that for temperatures approaching the critical one, it 
would be necessary to provide some means for effectively stirring the 
solution in the bomb without removing the latter from the heating bath. 
This was also desirable at all temperatures. It is accomplished by 
rotating the bomb about a horizontal axis by the method illustrated in fig. 
14. As will be evident from the diagram, the lower thread on the bomb 



F*. M. 

is screwed into a steel ring R which is eccentrically mounted on a hori- 
zontal shaft, S^, Sj.* The eccentricity of mounting is such that the upper- 
most and lowermost projections from the bomb are equidistant from the 
axis of the shaft, thus reducing to a minimum the size of the heating 
bath required to permit of rotation. The shaft is supported at the ends 

•Because of the msuiy joints in the steel carriage and of the temperature changes 
to which it is subjected, it is necessary that the joints should be riveted, not screwed, 
and that it should be made of the same kind of steel throughout, since otherwise il 
is continually l( 
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by brass pieces bolted to the inner sides (A^, A,) of the bath, and is 
rotated by means of two cranks C, and C3, at right angles to each other, 
and of the eccentric rods Oi and o„ which extend up through the cover 
of the bath. The ends of these rods are grasped in the fingers, and rota- 
tion is secured by alternately pulling and pushing them. 

Electrical connection with the outside of the bomb is secured through 
the carriage, the supporting piece B, and the copper wire W, which is 
brazed into the latter. Connection with the lower electrode is secured 
through the flexible copper lead-wire L„ the insulated steel ring P,, into 
which the lead-wire is brazed, the insulated brass piece ZJ„ on which the 
ring Pj rests, and the copper wire W„ which is brazed into D, ; and, simi- 
larly, the upper electrode communica- 
^ tion is through Lj, Sj, Pj, Z)„ and Wj. 
The method of insulating P, from P, 
and Px from R will be clear from the 
diagram. In this diagram M denotes 
mica, and K is simply a checknut to 
keep the rings from turning on the 
shaft. 

As the insulated pieces D, and I>, 
have to support half the weight of the 
bomb, they, in turn, have to be securely 
fastened to the inner wall of the bath. 
-M The method for securing this support 
/" and at the same time insulation by 
means of mica is shown in Bg. 15, in 
which the lettering is the same as in 
fig. 14. 

To be sure of low resistance con- 
tacts the ends of the steel shaft and 
the brass supporting pieces must be 
thoroughly cleaned before the bomb is 
put into the bath. 

For convenience in manipulation, 
the carriage, 5',i?5'„ is supported when 
not in the bath, by resting the ends of the shaft in a wooden U-shaped 
stand. The bomb when ready is screwed to the carriage and the flexible 
lead-wires bolted to the electrodes. It can then be picked up and lowered 
into the bath by means of a double-pronged hook which slips into two 
brass eyes, £, and E^, attached to diametrically opposite points of a flat 
brass ring, Q, which is fastened by means of three thumb nuts to the large 
nut of the bomb. The bomb is afterwards removed from the bath in the 
same manner, and is hung up upon the hook before a fan to cool. 
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29. A VAPOR BATH FOR HEATING THE ROTATING BOMB. 
Such a bath is shown in vertical section in fig. 16. It is made from a 
piece of ordinary wrought-iron water-pipe, 23 cm. in bore and 46 cm. 
long. At the lower end the diameter of this pipe is reduced and a bottom 
is welded in. This reduction in the area of the bottom serves to diminish 
the amount of boiling substance needed. The cover is a thin plate of sheet 
iron having the edge rolled over, and sets into a groove in the top of the 
bath, this groove being formed by shrinking an iron ring of L-shaped 
cross-section onto the upper end of the pipe, which has previously been 
turned true on the outside for a short distance. The cover is sealed by 
pouring some melted Rose metal into the groove. After an experiment 
the cover can be raised a little out of the melted metal shortly before it 
solidifies, since the temperature of the bath is then so low that but little 
vapor would escape, even if the cover were completely removed. 

As in the earlier 
heaters, a loose roll of 
copper or iron gauze 
is placed in each of 
the condenser tubes, 
and, to increase still 
further the efficacy of 
these condensers, a 
spiral of small tubing, 
either of lead or seam- 
less copper, is wound 
tightly around each 
of them and water 
is circulated through 
these spirals. 

The cylindrical iron 
shield used in the 
earlier vapor baths, 
designated by Q in 
fig. S, Part II, is, for various reasons, undesirable in the present bath 
and has been shown to be unnecessary, provided the outside of the 
bath is sufficiently protected from radiation. N is a conical shield of thin 
sheet iron, which is supported by three short iron rods riveted into the 
cover, and keeps the condensed liquid from dropping onto the bomb. 

The eccentric-rods for rotating the bomb extend out through iron chim- 
neys o and b, which are brazed into the cover, A little cotton stuck in 
the ends of these chimneys prevents almost completely the escape of vapor. 
The thermometer is similarly introduced through the chimney c. Of the 
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three wires leading to the bomb, IV, fig. 14, does not need to be insulated 
and is brought out through a small hole drilled in the wall of the bath 
near the top. The other two, fV^ and Wt, are drawn separately into asbes- 
tos tubing and then brought out through one of the condenser tubes. 

There is such a large mass of metal in the bath that heating it by a 
burner below would be very slow; for this reason, an electrical heating coil 
of nickel-steel wire, 1.6 mm. in diameter, is, as shown, wound on the out> 
side of the bath, the latter being first covered with a thin layer of mica and 
a single thickness of asbestos cloth. Two hundred and twenty volts, 
direct current, placed directly on the terminals of tins coil, gives a cur- 
rent of about 18 amperes. To avoid possible superheating, the electric 
current is used only to raise the temperature of the bath, the temperature 
being subsequently maintained by the use of a single gas flame beneath. 

The giving up of the glass cover made it no longer possible to see 
directly the height of the vapor level in the bath ; but this was readily deter- 
mined by blowing a little water from a wash bottle onto one of the con- 
denser tubes, for there is a hissing sound only when the water strikes at 
or below the vapor level. 

The heater is cooled by passing first compressed air and then water 
through a spiral of seamless copper tubing (6 mm. in bore), located a few 
centimeters above the bottom, and by removing the asbestos board on the 
top of the bath and directing a fan on the cover. 

30. A LIQUID BATH FOR THE ROTATING BOMB. 
This bath has been used principally for measurements at 18°, but is also 
adapted to those at temperatures up to 100°. It consists of a copper can, 
25 cm. in diameter and 33 cm. high, with brass pieces bolted inside to the 
walls for supporting the bomb, just as in the vapor bath described in the 
preceding section. Rapid heating is provided for electrically by a heating 
coil wound on the outside, and a constant temperature is maintained by 
hand regulation of the current in a small resistance coil placed inside, just 
off the bottom and in direct contact with the liquid. The bath is cooled 
by water blown through a helix, consisting of 10 convolutions of seamless 
copper tubing 4 cm. in bore, which fits friction-tight inside the bath. 
To hold the temperature down to 18' in summer it is so arranged that the 
water can first be run through a few turns of lead pipe immersed in an 
ice bath and then delivered to the coil in the bath drop by drop through a 
sight feed; wttle for rapid cooling the water can be delivered directly 
from the mains to the coil in the bath. The copper can is well jacketed on 
the outside with an asbestos composition and is filled with commercial 
xylene, which is vigorously stirred by a small propeller run by an electric 
motor. 



d by Google 



db, Google 



Part IV. 

conductivitv and ionization of silver nitrate, 

Potassium Sulphate, and Barium Nitrate 

UP TO 306', AND OF Magnesium 

Sulphate up to 218". 

By a. a. Noybs and A. C. Melcher. 



db, Google 



db, Google 



Part IV. 

CONDUCTIVITY AND IONIZATION OF SILVER NITRATE, POTASSIUM 

SULPHATE. AND BARIUM NITRATE UP TO 306°. AND 

OF MAGNESIUM SULPHATE UP TO 2I8^ 

31. OUTLINE OF THE INVESTIGATION. 

The purpose of the present investigation was to extend the conductivity 
measurements already made with sodium and potassium chlorides to other 
di-ionic sahs, to tri-ionic salts, and to di-ionic salts containing bivalent ions, 
so as to ascertain the behavior of salts of different types. 

The new salts thus far sttidied are silver nitrate, potassium sulphate, 
barium nitrate, and magnesium sulphate. Experinvents with the first 
three substances have been made at 18°, 100°, 156°, 218°, 281°, and 306*, 
while those with magnesium sulpbatehavebcencarriedonly upto218° on 
account of the hydrolytic decomposition of the salt. At each temperature 
with each salt (except magnesium sulphate) the measurements were made 
at four concentrations, approximately 0.1, 0,05, 0.0125, and 0.002 normal. 
Some of the measurements on the salts previously studied by Noyes and 
Coolidge were repeated as an independent check on the accuracy of the 
restdts; for a new bomb and a different set of measuring instruments 
were used in this investigation. Incidentally an experimental study has 
also been made of the change of the conductance-capacity of the bomb 
with the temperature, as this is an instrumental factor of importance in 
all these investigations. 

32. DESCRlFnON OF THE APPARATUS AND METHOD. 
The apparatus used was similar to that employed in the previous inves- 
tigation. Only such parts as are different will be described below. 

THE CONDUCTIVITY VESSEL OR BOMB. 

The bomb was lined only with platinum w^n the measurements up to 
218* were made ; but at the higher temperatures, it was found necessary 
to flow gold over the platimmi in the lower part of the bomb, in order 
to make it perfectly tight. 

The form of the bomb which will be designated "cell i" consisted of the 
platinum-lined steel vessel previously described, fitted with a fused silica 
cup, 1.45 cm. in diameter and l^T cm. in height, within which a flat plati- 
num-iridium electrode 1.35 cm, in diameter was placed. 

In "cell ii" the fused silica cup and platinum-iridium electrode were 
replaced by an irregular-shaped platinum-iridium electrode, approximately 
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0.70 cm. in diameter and 0.35 cm. in height resting upon a vertical quartz 
cylinder 1.40 cm. in height, as illustrated in fig. 17. 

This electrode and cylinder were afterwards replaced by a quartz cup, 
1.42 cm. in diameter and 1.52 cm. in height, which formed "cell iii." The 
electrode was 1.34 cm. in diameter. 

CONDUCTIVITY MEASURING APPARATUS. 

The conductivity was measured with an apparatus of the roller type 
described by Kohlrausch and Holbom and furnished by Hartmann and 
Braun. The slide-wire was calibrated by the method of 
Strouhal and Bams. The resistance coils were of man- 
ganine and were calibrated by comparison with standard 
resistances, certified by the Deutsche physikalisch-tech- 
nische Reichsanstalt. A small induction coil of the ordi- 
nary form was used, a commutating switch being intro- 
duced between it and the bridge. It was shown that the 
mean of the two readings obtained by commutating was 
the same when the telephone also wa.s commutated and 
when a Nernst string interrupter was used instead of 
f*- "- the ordinary induction coil. 

THERMOMETERS. 

Three different styles of thermometers were used. The temperature of 
the 18° bath was determined with a 60* thermometer, reading directly to 
tenths, which was calibrated by comparison with a standard Baudin ther- 
mometer, certified by the Bureau of Standards of the United States. A 
Beckmann thermometer was used in the 100° bath ; and this was calibrated 
immediately after each measurement by heating it in steam in a Regnault 
apparatus. Alvergniat 360° thermometers were used in the other baths. 
They were first calibrated for irregularities of bore and then at the fixed 
points 0°, 100', 218°, and 306°. The values of the boiling points of 
naphthalene and benzophenone determined by Jaquerod and Wassmer 
were used throughout this whole series of investigations. 

HEATERS. 

Conductivity measurements were made at 18° and at about 100', 166°, 
218°, 281°, and 306*. The first of these temperatures was secured by im- 
mersing the bomb in a bath of liquid xylene contained in a well-jacketed 
copper cylinder. The bath could be heated electrically by passing a cur- 
rent through a platinum helix, or cooled by flowing cold water through a 
coil of lead pipe. The bath was continually stirred by a propeller, and its 
temperature was maintained constant to within 0,01°. 

The 100° heater was a double-walled copper cylinder heated by steam. 
The inner cylinder was filled with liquid xylene and the bottom of the 
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outer cylinder with water, which was heated by a coil traversed by high- 
pressure steam, the free steam thus produced surrounding the sides of the 
bath, and returning throu^ an outside condenser to the bottom. The 
bomb was immersed in the liquid xylene, which was continually stirred by 
a propeller. The temperature was always constant to 0.01° and about 0.1" 
below the boiling-point of water at the prevailing pressure. 

Vapor baths were used at the other temperatures. Brombenzene was 
used as a boiling substance for 156°, and naphthalene for 218°. The 
heaters were of the form described in section 3, Part II. Bromnaphtha- 
lene and benzophenone were used as boiling substances for the tempera- 
tures of 281' and 306*. The heaters used at these higher temperatures 
were of the rotating type described in section 29, Part III. An inverted 
inica cone was used to prevent the condensed vapor from dripping onto 
the top of the bomb. 

The procedure in the conductivity measurements was essentially the 
same as that pursued in the previous investigation. The bomb was ordi- 
narily rinsed thoroughly with the solution about to be used; but when a 
specific- volume measurement was to be combined with the conductivity 
measurements, the bomb was rinsed twice with alcohol and then with 
ether, and finally a weighed quantity of solution added. The solution was 
not in any case boiled to expel the air; but, before heating, the air pressure 
was reduced to 3 to 5 cm. mercury. In the iirst measurements with cell 
II, this was not done until after the measurement at 18", in order to pre- 
vent the formation of air bubbles on the electrode, which could only be 
dislodged by shaking. The use of the rotating carriage in the later 
experiments allowed the pressure to be reduced before the measurement at 
18° was made. 

33. PREPARATION OF THE SUBSTANCES AND SC4.UT10NS. 

The sodium and potassium chlorides were purified by precipitation with 
hydrochloric acid, the latter being recrystallized from hot water. The salt 
was finally dried and i^ited. 

The potassium sulphate was purified by repeated crystallization from 
hot water; it was then dried and ignited. 

The silver nitrate was recrystallized once from warm water and care- 
fully dried in a current of dry air at 140°. The salt was always kept over 
calcium chloride in the dark. Portions of the salt were dissolved in water, 
the silver was precipitated as silver chloride, and the precipitate was 
washed and dried. The calculated percentages of silver nitrate for the 
first lot of salt analyzed in February, 1904, were 99.86, 100.01, and 99.88 ; 
mean 99.92. The second lot analyzed in April, 1904, gave 99.78, 99.88 
and 99.89, and io July, 1905, gave 99.88 and 99.84, the mean being 99.86. 
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The barium nitrate used was crystallized once from hot water and 
carefully dried in a current of dry air at 130°. The solutions were made up 
by weighing out the theoretical quantities. It was proved that a portion 
of salt (3 grams) lost in weight scarcely appreciably (less than 0.6 mg.) 
on heating for 3J4 hours at 280° to 300* in a platinum dish. 

The magnesium sulphate was recrystallized from hot water and redis- 
solved without drying in conductivity water to form a stock solution. This 
solution was analyzed separately for magnesium by precipitating it as 
magnesium ammonium phosphate and for sulphate by precipitating it as 
barium sulphate. The content in 1,000 grams of solution expressed in 
milli-equivalents (1 milli-equivalent = 60.S1 mg. MgSO^) was found to 
be as follows : 

From magnesium determbation 344.6 

From sulphate detennination 345.1 

From sulphate determination 344.0 

Average 344.9 

The solutions of all these substances were made up by weighing out 
the dry salt, or the stock solution in the case of magnesium sulphate, trans- 
ferring to a graduated flask, and adding conductivity water enough to 
bring the solution to the graduation mark at some known temperature 
between 15° and 25°. The concentration of the salt was then calculated 
over to 4° on the assumption that the solution had the same expansion- 
coeflBcient as pure water, 

34. SYSTEMATIC ERRORS AND THEIR EUMlNATiON. 

VOLATILIZATION OF THE SM,VENT. 

The vapor space in the bomb at the temperatures 100°, 156°, and 218° 
was not sufficiently large to cause an error of 0.1 per cent; and no correc- 
tion was applied at these temperatures. However, at 281° and 806°, it 
was necessary to apply a correction, which varied with the amount of 
liquid in the bomb. The vapor-space correction at 281° was determined 
experimentally by measuring the conductance when two different quanti- 
ties of a 0.01 normal sodium chloride solution were introduced. 

The results were as follows : 
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By calculation* from these data, the specific volnme of water-vapor 
at 281° was found to be 29. That at 306° was found to be 18 by plotting 
the previously known values up to 200°, this value at 381', and that at 
the critical temperature. In all the experiments of this investigation the 
volume of the vapor-space at 306' was determined by measuring the ratio 
of the conductances at the upper and lower electrodes at 306°, and that 
at 381' was calculated from this with the help of the ratio of the 
specific volumes at 281° and 306° and the volume of the bomb at those 
temperatures. 

From the specific volumes of vapor and solution and the actual volumes 
of the vapor-space and of the solution the corrected concentration (Cg) 
was calculated from that (C) which would have prevailed if there had 
been no vaporization.! I'l)^ correction was on an average -f-0.43 per cent 
at 281° and +0.13 per cent at 306'. 

C»NDUCTANCB OF THE WATBK. 

The conductance of the water was experimentally determined by mak- 
ing measurements with conductivity water at the different temperatures 
by exactly the same procedure as was followed with solutions. It was 
subtracted from the conductance of the solution in every case. The neces- 
sary data will be found in section 35. 

CONDUCTANCE-CAPACITY IN RELATION TO THE VOLUME OF SOLUTION 
IN THE BOUB. 

The following experiment was made in order to determine whether the 
conductance-capacity of the bomb was at all affected by such variations 
in the volume of the soluticsi contained in it as actually occurred in this 
investigation. Different quantities of 0.01 normal potassium chloride 
solution were put into the bomb and measurements made at both 18' and 
approximately 100'. 

Li-|-U/ fi Vi\ 

This was done by meansof theequationw=^2 — Z17Vw~tw/ '•> which 1/ is the 
specific volume of the vapor, Vi and n represent the vapor-spaces, m and m the 
weights of solution, and u and u the conductances in the two experiments. 

tThis was done by means of the equation Ct^Cf 1-f- j^ — J in which fand 
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The results were as follows : 
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3M8.0 
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3093.8 
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It will be seen that the diSerence in conductance is insignificant at both 
temperatures, although in one experiment the bomb was less than half 
full of liquid. A computation shows in fact that the volatilization of sol- 
vent at 100° would be such as to account almost exactly for even the slight 
difference of conductance observed at that temperature. Therefore, no 
correction for change in conductance-capacity from variation in the quan- 
tity of liquid was required in any of the measurements made in this inves- 
tigation. 

35. THE CONDLJCTANCE-CAPAOTY AND THE WATCR CORRECTION. 

The conductance-capacity of the cells was computed from conductivity 
measurements made at 18° with various solutions of potassium and sodium 
chlorides, using for the equivalent conductances of the solutions the values 
of Kohlrausch and Maltby.* The data are given in table 13. 

The final values of the conductance-capacity were used in calculating the 
equivalent conductance in all experiments made on or between the dates 
on which the corresponding separate values were determined. Between 
the last date of one set and the first date of a following one, intermediate 
values of the conductance-capacity were used, the value being varied 
in accordance with the probable changes caused by the successive runs. 
The value at 18° actually used in each experiment will be given in connec- 
tion with the conductivity data for that experiment (section 39). In the 
experiments which were carried to 281° and 306°, the conductance-capacity 
at 18° after heating was often appreciably different from that at the begin- 
ning ; and in such cases the values used at 281° and 306° were based upon 
the Una! conductance-capacity at 18°. In presenting the data of these 
experiments the separate values of the conductance-capacity at each tem- 
perature will be given in the tables. 
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Table I'i.—ConductoHce-capacity—Dafa and AmI values. 



D«, 


CcJI No. 


.„. 


I..ril.«itl*'. 


..~?S. 


CDii4iieli»c<-c**>ciiy. 1 


(epum 

.Unci. 


«t«l. 


1904 
Jan. 11 ... 
Jan. 22 ... 
Mar. 25 ... 
Mar. 28 ... 
Mar. 30 ... 
Apr. 1 ... 
May 10 ... 
May 10 ... 
May 11 . . . 
June 16 . . . 
June 16 . . . 
June 29 . . . 
June 29 . . . 
Jnne 30 . . . 
July 1 ... 

1905 
Mar. 13 . . . 
Mar. 14 . . . 
Mar. 15 ... 
Mar. 17 . . . 
Mar. 18 ... 
Mar. 21 ... 
Mar. 23 . . . 
Mar. 29 . . . 
Apr. 24 . . . 
Apr. 25 ... 
May 10 . . . 
May IS . . . 
May 18 ... 
May 18 . . . 
May 23 ... 
July 18 ... 
Sept 26 . . . 
Sept 27 . . . 
Oct 1 ... 
Oct 2 ... 
Oct 9 ... 
Oct 27 ... 
Nov. 20 . . . 
Nov. 21 . . . 
Nov. 25 . . . 
Not. 28 . . . 


1 
I 

I 

I 
I 
I 
I 
II 
II 
II 
II 
II 
11 

II 

!{ 

II 
II 

II 
II 

!! 

II 
II 
11 
II 
II 
II 
II 
III 
III 
III 
III 
III 
III 
IV 
IT 
IT 
IT 


KCl 

KCl 

NaCl 

KCl 
NaCl 

NaCl 
KCl 
NaOl 
KOI 
NaCl 

Ka 

NaCl 

KCl 
NaCl 

KOI 

NaOl 

KOI 
NaOl 
KCl 

NaOl 


10.00 
20.00 
10.00 
100.00 
10.00 
100.00 
1.090 
2.500 
10.00 
20.00 
20.00 
10.00 
10.00 
2.497 
10.00 

10.01 
10.01 
10.01 
10.00 
10.01 
10.01 
10.00 
9.96 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
100.00 
99.99 
100.04 
100.06 
100.04 
99.91 
10.963 
9.982 
99.88 
99.89 


1365.3 
2673.1 
1366.9 

12490 
1138.5 

10278 
283.0 
295.7 
1144.4 
6304.4 
7576.8 
3326.4 
3991.7 
857. 7 
3325.4 

4122.2 

4121.8 

3433.9 

3429.4 

3432.9 

3431.2 

3429.8 

3419.0 

4150.6 

3459.6 

3499.1 

3526.3 

3536.2 

4247.6 

4247.6 

3502.6 

8045.7 

9770.9 

8072.3 

9818.3 

9875.6 

9947.2 

1068.0 

1003.6 

9185 

7540 


0.8972 
O.B077 
0.8063 
0.8905 
0.8962 
0.8054 
0.8920 
0.S92O 
0.8017 
0.3163 
0.3167 
0.3070 
0.3071 
0.3070 
0.3070 

0.2074 
0.2974 
0.2975 
0.297S 
0.2975 
0.2974 
0.2974 
0.2974 
0.2951 
0.2050 
0.2917 
0.2894 
0.2885 
0.28S4 
0.2884 
0.2913 
1.1438 
1.1454 
1.1406 
1.1418 
1.1349 
1.1252 
1.2164 
1.2183 
1.2183 
1.2192 


6! 8974 

oiww 

6! 8019 
613165 

olsOTO 
612974 

oImm 

0.2917 
0.28S4 

0.2885 
0.2834 
0.2013 

i 11446 

1.1412 
1.1349 
1.J262 

;::;;: 

112181 



Measurements of the conductance of the water, such as was used in 
making up the solutions, were made at the various temperatures, observing 
the same order and times of heating at each temperature as prevailed in 
the experiments with the salt solutions. The bomb was always previously 
freed from adsorbed substance by two or three heatings of an hour each 
with water at 318° or 306°. The actual conductances measured in the 
bomb multiplied by 10* are given in table 14. The appropriate mean of 
these values was always subtracted from the conductance of the solution. 



d by Google 



Conductivity of Aqueous Solutions. — Port IV. 
Tasle 14.— j4c(tMJ eonduclanee of woler in Ike bomb. 



out. 


Cell 


IB" 


KW j 156° 


lis" 


iBlllll. 


n..,. 


liiliil. 


FtHl. 


iDidil. 


n.^. 


1904 
JaD.6 




0.77 
0.79 
0.97 
0.69 
0.B2 
0.76 
0.7$ 
0.88 
0.B8 


1.42 
8.62 
2.66 
3.20 
2.67 
1.47 

l!73 
3.63 


2.86 
4.14 
3.49 
3.73 
3.52 
2.77 
8.74 


4.74 

7.72 
6.16 
8.70 
7.02 

4^71 
4.49 
8.23 


8.22 
8.34 
5.00 
7.18 
a. 16 
5.10 
4.38 
6.12 
6.49 


6.38 
9.91 
7.69 
10.99 
8.93 
5.71 
5.71 
6. 84 
8.11 


7.87 
10.48 

8.66 
11.73 
10.38 

7.76 

7.08 

9.05 
lO.OO(t) 


Jan-B 

Feb. 10 .... 
Feb. 11 .... 
Apr. 21 .... 
Apr. 28 .... 
May 17 .... 
May 18 .... 




Mean .... I 
July 14 .... II 
July 23 ... . II 

Mean ....; II 

I 

July 14 ....i II 

Jnly 25 ....; II 

July 27 .... II 

1905 
Feb. 19 ....1 II 
Feb. 16 ....i II 


0.82 


S.3G : 3.49 


6.14 


5.99 


7.80 


9.11 


2.29 
2.46 


3.68 

6.61 


8.93 
8.93 


11.3 
17.1 


14.9 
15.5 


17.8 
22.2 


28.8 
23.6 


2.36 


5.14 


8.9 


14.2 


15.2 


20.0 


23.2 


2.25 
3.81 
8.25 

2.04 
2.04 


loiV 

11.4 

5.5 
7.3 


58.0 
37.9 
27.1 

48.8 
51.7 


58.0 
48.0 
26.0 

52.7 
66.7 


;::: 




Mean .... 


II 


2.40 


8.6 44.7 


«.. 1 .... 1 .... 1 .... 1 



36. VARIATION OF THE CONDUCTANCE-CAPACITY WITH THE 
TEMPERATURE. 

The following measurements and computations were made in order to 
determine what variation in the conductance-capacity of the bomb is 
caused by the change in the diameter and length of the electrode cup or of 
the small electrode and in the diameter of Uie bomb itself owing to the 
expansion upon heating. 

The apparatus used to determine the variation of the conductance when 
the electrode was placed within the quartz cup was an imitation of the 
bomb, consisting of an outer cylindrical brass vessel, a cup composed of 
a glass tube with a brass electrode permanently fixed at the bottom of the 
tube with rosin, and a piece of insulating material (the "red fiber" of 
trade) separating the cup from the bottom of the vessel, and allowing the 
electrode rod to pass through it. Combinations of three such electrode 
cups of diameters 1.31, 1.50, and 1.69 cm. and of two brass vessels of 
diameters 4.82 and 4.64 cm. were investigated. Mercury was used to 
change the effective height of the cup, the change being determined by 
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introducing weighed portions of mercury into the cup and measuring by 
a cathetometer the height of its surface above the electrode and below 
the top of the cup. The heights of the mercury in the cup were plotted 
against the weights of mercury, the points being found to lie on a strai^t 
line ; and by means of these plots, the effective height of the cup in the 
succeeding experiments was derived from the weight of mercury intro- 
duced. The relative conductance at various heights was then determined 
by measuring that of a 0,01 normal sodium chloride solution at 18° in the 
apparatus, which was made up of the three electrode cups in succession 
and one of the brass cylinders, successive portions of mercury being added. 
The effective heights of the cup were first plotted against the conduct- 
ances. The diameters of the three cups were then plotted against the 
conductances obtained for various definite heights from the first plot. 
From these plots, the ratio of the fractional change in conductance (!l/l) 
to that in height (ih/h) for a given diameter or to that in diameter 
(Sd/d) for a given height could be found. The results so derived for a 
series of heights and diameters expressed in centimeters are given in table 



headed 11, the values of the ratio 



8l/l 
»d/d 



Tabu 15. — Change m conductance-capacity with the dimension* of the electrode cup. 
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0.70 
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0.78 


1.80 


0.72 


1.78 


0.7S 


1.64 1 




0.71 


1.79 


0.74 


1.76 


0.73 


1.7s 


0.73 


1.7a 




0.73 


l.M 


0.77 


1.73 


0.76 


1.80 


0.74 


1.71 




0.75 


1.54 


0.79 


1.70 


0.79 


1.82 


0.75 


1.80 




O.BO 


1.47 


0.80 


1.60 


0.80 


1.92 


0.76 


1.88 




0.B8 


l.M 


0.81 


1.64 


0.80 


1.87 


0.78 


2.04 


2.2 


0.D5 


1.75 


0.B8 


1.67 


0.82 


1.91 


0.81 


a.oo 



The apparatus for determining the variation of the conductance when 
no cup was used was made up as follows. The top of the main body of 
the bomb was covered with a brass disk. Through the center of this disk 
was inserted a hollow rod of vulcanite of the length and diameter of the 
quartz cylinder supporting the lower electrode in the bomb itself. Through 
this vulcanite tube a brass rod was inserted, which could be forced down 
successively so as to produce an electrode of varying length. The con- 
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Section 37. — Specidc^olume Data. 
Table It.—Sptc^ volume— Data and linat values. 



DlU. 


..,,. 


ItnuvR 




HllUoB. 


not*. 


Hi". 


Sp<ciB< 

U4°. 




1904 
Feb. 26.. 
Feb. 26.. 
Mar. 24. . 
Apr. 13.. 
Apr. 28.. 

Mar. 29. . 

Mar. 29. . 

Mar 30.. 

Mean. 


AgHO, 


25 
100 
100 
100 
100 

10 
10 
10 


155.6 
Ids. 8 
166. S 
165.6 
156.2 

218.2 
218.3 
218.4 


108.61 
111.36 
110.19 
110.35 
110.09 

100.83 

100.77 
100.03 


118.B1 
119.94 
119.64 
119.38 
119.62 

118.80 
118.77 

118.98 


1.0917 
1.0794 
1.0881 
1.0S49 
1.0880 

1.1837 
1.1841 
1.1843 


0.9963 
0.9861 
0.9933 
0.9899 
0.9939 

0.9996 


1.0902 
1.0948 
1.0948 
1.0957 
1.0944 

1.1837 
1.1839 
1.1S40 

















1.1839 


Uar. 23. . 
Mar. 26. . 

Feb. IB.. 
Feb. 23.. 
Feb. 24.. 


KOI 
KCl 

AgNO. 


10 
100 
25 

as 

25 


218.4 
218.0 
218.6 
217.6 
216.8 


100.80 
101.57 
101.31 
101.06 
101.21 


118.79 
113.»« 
119.14 
118.05 
11S.73 


1.1839 
1.1796 
1.1814 
1.1791 
1.1785 


0.9995 
0.9954 

O.0M3 


1.1838 
1.1820 
1.1846 
1.1840 
1.1850 


















Feb. 4... 

Feb. S... 

Apr. 16.. 

Mess.. 


AgNO. 


100 
100 
100 


218.1 
218.1 
217.3 


101.96 
102.65 
102.48 


118.26 
119.08 
118.70 


1.1652 
1.1954 
1.1636 


0.9M1 


1.1815 
1.1816 
1.1814 
















1.1815 


Mar. 18. . 

Mar. 21.. 

Mean . 


iK^O.| 


60 
50 


217.7 
218.5 


100.96 

101.24 


118.48 
118.98 


1.1790 

1.1807 


0.9967 


1.1835 
1.1830 
















1.1830 


Mar. 22.. 
Mar. 23.. 


i K,ao, 1 


100 
100 


218.4 
218.1 


101.28 
101.22 


118.27 
lie. 13 


1.1732 
1.172* 


0.9033 


I. 1802 
l.lSOl 
















1.1802 


Apr. HI 

Apr. 13 1 

Mean. 


Ba(NO.)^ 


100 
100 


217.3 
217.5 


101.92 
102.31 


11B.S9 
119.04 


1.1689 
1.1689 


0.9899 


1.1B21 
1.1818 
















1.1820 


Apr. 28. . 
May 2... 

1M6 

Oct 1... 
Oct 2... 
Not. 20. . 
Sept 29.-. 
Sept 29. . 
Mean.. 
Sept 30.. 
Rc^pt sa. 


MgSO. 
MgSO. 

NaCa 
KOI 
AgNO. 


100 
200 

100 
100 
60 
50 
SO 


218.2 
218.4 

305.6 
305.7 
306.0 
305. S 
305.5 


102.80 
102.68 

85.61 
85.57 
8S.3S 
84.97 
85.11 


120.27 
119.26 

119.97 
119.85 
119.62 
119.62 
119.93 


1.1743 
1.1871 

1.41S2 
1.414S 
1.4140 
1.4217 
1.4227 


0.9939 
0.9B80 

0.9958 
0.9954 
0.9929 
0.9967 


1.1812 
1.1808 

1.4228 
1.4222 
1.4252 
1.4284 
1.4294 
















1.4289 
1.4237 
1.4242 


1 K.80, 


100 
100 


305.7 
305.4 


85.92 
85.67 


120.25 
119.77 


1.4130 
1.4122 


0.9933 
















1.4240 


Oct 2.1 

Oct la; 

Mean. 


Ba(NO,),! 


50 
50 


306.2 
306.5 


85.28 
B6.04 


119.59 
119.31 


1.4165 
1.4174 


0.9950 


1.4271 
1.^65 
















1.4208 
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82 Conductivity of Aqueous Solutions. — Part IV. 

37. THE SPECinC-VCftAJME DATA. 
The results of the specific-volume measurements are given in table 17. 
The first four columns need no further explanation. The fifth column 
gives the number of grams of solution which were weighed into the 
dry bomb at the start. The sixth column gives the volume expressed in 
cubic centimeters which, at the temperature of 100° (at which the volume 
of the bomb was determined) corresponds to the observed ratio of the 
conductances at the upper and lower electrodes. This volume was obt^ned 
by interpolation from a plot made as described in section 8, Part II. 
The actual volume occupied by the solution at the higher temperature is 
greater than this by an amount equal to the expansion of the bomb upon 
heating frcan 100° to ttiat temperature. The temperature-cocflScient of 
volume expansion of the steel shell of the bomb is assumed to be 0.000038 
per degree, upon the basis of determinations made by R. B. Sosman in 
this laboratory. The seventh column gives the specific volume of the solu- 
tion at the temperature of observation. It is obtained by dividing the 
values of the preceding column, after correcting them for the expansion 
of the bomb as just described, by the weight of solution given in the fifth 
column. The eighth column gives the values of the specific volumes at 
4° of the various solutions used. The last column gives the ratio of the 
specific volume at the round temperatures 218°, 881°, and 806°, to that of 
the same solution at 4°. Thus, this ratio shows the volume occupied by 
that quantity of solution which at 4° has a volume of 1 ccm. The values 
are obtained from those of the preceding column by reducing them to 
these temperatures by means of tiie temperature-coefficient obtained from 
our specific- volume values, and then dividing the results by the specific 
volumes of the solutions at 4*. 

38. SUMMARY OF THE SPECIFIC-VOLUME VALUES. 
The final values of the ratio of the specific volume at various tempera- 
tures to that at 4* are summarized in table 18. For comparison the values 
obtained by Noyes and Coolidge (section 12, Part II) for a 2 milli-normal 
solution of sodium chloride, which are substantially identical with those 
of pure water, are given in the table within parentheses. For the 100 
milli-normal solution of this substance they found 1.187 at 218° in fair 
agreement with our value and 1.483 at 306° in complete agreement with 
our value. A comparison of values for the different 50 milli-normal solu- 
tions shows that these all expand considerably less than water itself, the 
ratio being 1.485 - 1.429 instead of 1.437 at 806". Up to 218° the expan- 
sions of even the 100 milli-normal solutions of all the different salts are 
substantially equal (ratio 1.180 - 1.188) ; but at 806" the ratios for silver 
nitrate and barium nitrate, the salts of the metals with high atomic 
weights, are somewhat smaller than those for the other three salts, being 
1.42fi instead of 1.429 at 60 milli-normal. 
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Table 18. — Ratio of ipedAe volume at various temperatures to that at 4*. 



Sill. 


CenMnir.- 


S»Kii( KiDIM ntlo. 


156°. 


21S°. 


306". 


NaOl 

KCi 

AaiNo,. . . 

K^O... . . 
B»(NO.).. 


2 
10 

100 
10 

100 
25 
50 

100 
60 

100 
50 

100 

100 


'i!096 
'i!M5 

ilow 

l.OM 


(1.187) 
1.18* 

V.IS* 
1.182 
1.185 

i.Vse 

1.184 
1.180 

iVlM 
1.181 


(1.437) 
'1.423 
l.V^' 

i.'izs 

1.424 

1.427 



39. THE OONDUCnvriY DATA. 

Table 19 contains the conductivity data obtained in the separate experi- 
ments. The first column contains the date ; the second, the cell-number 
which by reference to section 33 shows the modification of the conduc- 
tivity-vessel used ; the third, the concentration at 4° in milli-equivalents per 
liter, the international atomic weights for 1905 being employed, and the 
fourth, the true temperature {t") of the measurement upon the hydrogen- 
gas scale. The fifth gives the concentration at the temperature of the 
measurement obtained from that at 4° by dividing it by the appropriate 
specific volume ratio taken directly from table 18 or derived from the 
values there given by linear interpolation and by correcting it (at 281° 
and 306°) for the solvent in the vapor-space as described in section 34. 
The sixth column contains the actual conductance in reciprocal ohms of 
the solution in the bomb, which was obtained by correcting the observed 
conductance for the resistance of the lead-wires and for errors in the 
resistance coils and slide wire. The seventh column gives the corresponding 
conductance-capacity of the vessel, determined as described in sections 35 
and 36 ; when no number or quotation mark is inserted it is to be under- 
stood that the value used was the same as that given for the same temper- 
ature in the preceding experiment. The eighth column gives the equiva- 
lent conductance in reciprocal ohms, which was computed by subtracting 
frcan the actual conductance X 10* (given in the sixth column) that of 
the water (as given in section 35), multiplying the remainder by the con- 
ductance-capacity (given in the seventh column), and dividing by the 
concentration at t' (given in the fifth column). 
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Conductivity of Aqueous Solutions. — Part IV. 
Tablb 1%.—Tke conductivity data. 



SODIUM CHLORIDE. I 


Din. 


Ctll 


C«c»ir>- 


T«««>. 


C««nu^ 


CMJOCt- 




I4ii>i]«i 




do. «'•<'. 


l.re, 1". 


6^»f. 


IBCt X IV. 


cipKlir. 




1905 
















Mar. 25. . . 


II 


2.D00 


18.00 


1.997 


712.8 


0.2674 


105.71 








305.2 


1.397 


4,621.5 


0.2865 


970.3 








18.00 


1.997 


721.8 


0.2974 


108.22 


Nov. 13. . . 


IV 


2.006 


18.00 


2.004 


174.2 


1.2181 


109.5 








09.02 


1.924 


654.6 


1.2162 


349.1 








18.00 


2.004 


174.4 


1.2181 


109.6 


190* 
Mar. 31... 


I 


10.013 


18.00 


10.000 


U39.4 


0.8060 


102.02 








218.3 


8.433 


6.523.2 




692.1 








18.00 


10.000 


1,140.8 




102.01 


July 1... 


n 


10.020 


18.00 


10.007 


3,325.4 


0.3070 


101.06 








217.6 


8.440 


18.673 


0.3084 


687.2 








18.00 


10.007 


3,333.8 


0.3070 


102.13 


1905 
Mar. 15... 


11 


10.027 


18.00 


10.014 


3,433.9 


0.2974 


101.61 








280.4 


7.643 


21.120 


0.2666 


828.6 








300.0 


7.000 


20,818 


0.296S 


876.8 








18.00 


10.014 


3,435.2 


0.2974 


101.89 


Mar. 17. . . 


II 


lO.OOB 


18.00 


0.906 


3,420.4 




101.96 








2S0.2 


7.534 


21,250 




834.8 








30S.8 


6.089 


20,943 




886.4 








la.oo 


0.096 


3.461.9 




108.86 


Uar. SI... 


11 


10.031 


18.00 


10.009 


3,432.9 




101.63 








379.5 


7.554 


21.222 




831.8 








308.0 


3.994 


201000 




884.0 








18.00 


10.000 


3,473.0 




103.07 


Har. 23. . . 


II 


10.015 


18.00 


10.002 


3,426.8 




101.94 








2S0.9 


7.529 


21,217 




834.0 








306.0 


6.989 


20,871 




883.4 








18.00 


10.002 


3,439.8 




102.14 


Mar. S9. . . 


II 


9.974 


IS.OO 


9.061 


3,419.6 




102.02 








270.5 


7.571 


21,116 




825.9 








30S.6 


6.971 


20,844 




884.9 








18.00 


9.961 


3.423.0 




102.07 


AprU 25.. 


II 


10.017 


18.00 


10.004 


3,450.6 


o!2650 


101.94 








281.1 


7.524 


21.460 


0.2942 


837.4 








305.5 


7.003 


21.145 


0.2941 


886.1 








18.00 


10.004 


3,483.2 


0.2950 


101.98 


lOM 
April 1 .. 


I 


100.13 


18.00 


100.00 


10,284 


0.8980 


02.14 








21S.1 


84.35 


55.365 




588.2 


1905 
Sept 2«.. 






18.00 


100.00 


101200 




92.18 


III 


100.13 


,..<» 


100.00 


8.045.7 


1.1448 


92.08 








218.2 


75.64 


45,147 


1.1381 


679.0 








305.3 


70.60 


43.105 


1.1376 


694.2 








18.00 


100.00 


8.058.6 


1.1448 


02.22 


Oct. 1 ... 


III 


100.17 


18.00 


100.04 


8.072.3 


1.1411 


92.07 








218. S 


75.62 


45,271 


1.1346 


679.1 








305.6 


70.56 


43.149 


1.1340 


693. S 








18.00 


100.04 


8.001.3 


1.1411 


92.34 


Not. 28.. 


IV 


100.02 


18.00 


90.BS 


7,540 


1.2181 


91.94 








100.00 


05.80 


23,403 


1.2162 


206.8 








140.0 


02.89 


30;817 


1.2162 


404.9 








156.0 


61.10 


33,411 


1.2148 


44S.9 








18.00 


00.88 


7,846 


1.2181 


as.oi 
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Section jp. — The Conductivity Data. 
Table 19. — The conductivity doJ*— Continued. 







Cll 


c«.«..^ 


Tap.n- 


c»c»<.» 


Coa^iicl. 


c«.4.c(.«. 






Mo. 


tk»Ul°. 


an. 1°. 


<li>ii»'°. 


IBCI X IV. 


w.ciw. 


""'■"""■ 


IWM 
















Mar. 25 . . 


I 


10.015 


18.00 


10.002 


U6fl-9 


0.8960 


122.38 








218.4 


a. 433 


7.048.2 




748.0 








18.00 


10.002 


1,871.8 




122.68 


IMS 
















Mar. 13 . . 


11 


10.021 


18.00 


10.008 


W22.2 


0.2674 


122.40 








300.1 


6. 690 


22,106 


0.2965 


935.6 


Mar. M... 


II 


10.021 


18.00 


10.008 


4,121.8 


0.2974 


122.40 








280.6 


7.510 


22,590 


0.2966 


888.9 








18.00 


10.008 


4,124.0 


0.2974 


122.41 


AprU M.. 


II 


lO.OOS 


18.00 


9.995 


4,160.6 


0.2660 


122.45 








281.3 


7.512 


22,790 


0.2942 


688.4 








305.8 


6.989 


22,285 


0.2941 


935.2 








18.00 


9.99S 


4^54.7 


0.2950 


122.61 


190* 
















Mar. 28 . . 




100.13 


18.00 


100.00 


12,468 


0.8900 


111.98 








218.0 


84.36 


60,049 




637.7 








18.00 


100.00 


12,922 




112.18 


1905 
















flept 27.. 


m 


100.12 


18.00 


99.99 


9.779.9 


1.1446 


111.95 


Ort. a .. 


III 


100.20 


18.00 


100.06 


9,818.3 


1.1411 


111.97 








281.4 


75.01 


48,328 


1.1346 


725.0 








309.7 


70.95 


45315 


1.1340 


736.1 








18.00 


100.06 


9.840.5 


1.1411 


112.20 


Oct 27 .. 


III 


100.04 


18.00 


99.91 


9,947.2 


1.1252 


112.03 








261.4 


75.42 


49.193 


1.118T 


729.6 








18.00 


99. M 


6,678.0 


1.1252 


112.35 


Not. 18 . . 


IV 


3.002 


18.00 


2.000 


208.2 


1.2181 


126.4 








29.00 


1.697 


240.7 


1.2179 


146.4 








100.00 


1.920 


623.1 


1.2102 


363.3 








140.0 


1.864 


818.4 


1.2152 


534.2 








196.0 


1.824 


888.3 


1.2148 


589.1 








18.00 


2.000 


208.5 




126.2 


Nov. 21 . . 


IV 


0.996 


18.00 


9.682 


1,003.6 




122.4 








29.00 


9.967 


1,158.6 




141.5 








90.00 


9.B79 


1,747.6 


i!2i74 


216.3 








7S.00 


9.746 


2,360.3 


1.2168 


295.4 








100.00 


9.583 


2.978.8 




377.7 








128.0 


9.35S 


3.632.4 


i!2i9S 


471.8 








1S5.9 


9.104 


4,216.4 




503.7 








18.00 


9.983 


1,004.5 




122.5 


Not. 20 . . 


IV 


19.992 


18.00 


19.963 


1,068.9 




120.1 








29.00 


19.933 


2,271.1 




138.6 








50.02 


19.766 


3,415.3 




210.4 








100.00 


19.165 


5,803.8 




368.3 








IB. 00 


19.963 


1,968.3 




120.1 


Not. 25... 


IV 


100.01 


18.00 


99.87 


6,185 




112.0 








25.00 


99.72 , 


10,562 




129.0 








SO.OO 


98.83 


16,810 




194.7 








75.02 


97.51 


21,246 




205.1 








100.00 


65.88 


26,546 




336.7 








138.0 


93.80 


32,123 




417.1 








140.0 


92.58 


34.270 




449.7 








156.0 


91.09 


36,967 




492.8 








18.00 


99.87 


9.183 




112.0 
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Conductivity of Aqueous Solutions. — Part IV. 
Table 10. — The cottduclitrily data — Continued. 



SILVIR NITRATI. | 




Cll 


CoBcnln- 


Tcmvcii- 


C»i.c«nr.- 


Cw4k^ 


C«J.t—» 


IqQl«l«l 




No. 


tioiiu4°. 


n... 1". 


ti™.ir°. 


.!>« X IV. 


enuia. 




19M 
















Feb. la... 


I 


1.W9 


18.00 


1.907 


250.20 


0.8974 


112.02 








99.67 


1.917 


752.45 




350.7 








1S5.4 


1.822 


1,083.7 




630.0 








217.6 


1.685 


1,363.0 




720.0 








155.6 


1.822 


1,002.7 




534.6 








99.69 


1.917 


759.36 




352.6 








IS. 00 


1.997 


254.52 




113.35 


Feb. 17... 


I 


1.999 


18.00 


1.997 


250.34 




112.14 








99.97 


1.910 


75S.07 




352.0 








155.7 


1.821 


1,067.4 




532.8 








218.3 


1.6S4 


1,362.4 




721.4 








155.8 


1.821 


1,001.4 




534.0 








99.97 


1.916 


761.50 




353.8 








18.00 


1.997 


253.50 




112.80 


June 37. . . 


II 


2.002 


18,00 


1.990 


733.31 


o!3070 


112.25 








99.88 


1.919 


2,199.9 


0.3068 


30S.2 








155.5 


1.824 


3,182.6 


0.3066 


532.2 








217.8 


1.687 


4,039.8 


0.3064 


729.0 








15S.6 


1.S24 


3,201.4 


0.3066 


634.6 








99.88 


1.919 


2,221.8 


0.3068 


352.8 








18.00 


1.990 


742.17 


0.3070 


113.18 


190S 
















May 19... 


II 


3.000 


18.00 


1.907 


762.9 


0.2884 


112.62 








280.3 


1.503 


4,719.9 


0.2876 


894.2 








304.8 


1.399 


4,692.6 


0.2875 


9S3.9 








18.00 


1.907 


817.3 


0.2884 


117.31 


May sa . . 


II 


1.996 


18.00 


1.994 


479.9 




112.38 








280.8 


1.499 


4,707.0 




894. B 








305.5 


1.394 


4,666.4 




952.4 








18.00 


1.994 


805.2 




115. 7S 


May 23... 


II 


1.999 


18.00 


1.996 


478.8 




112.10 








281.0 


1.500 


4,609.0 




892.8 








305. S 


1.305 


4,665.7 




951.4 








18.00 


1.096 


803.0 




115.30 


July 11.. 


II 


2.004 


18.00 


2.002 


774.83 


6! 2913 


112.32 








305.7 


1.398 


4.662.9 


0.2904 


956.0 








18.00 


2.002 


820.75 


0.2913 


118.20 


AprtlW... 


I 


12.481 


18.00 


12.47 


1.407.5 


0.8958 


107.55 








99.84 


11.07 


4,476.5 




334.9 








155.7 


11.37 


6,393.9 




S03.1 








217.5 


10.53 


7,893.9 




671.0 








155.7 


11.37 


6,306.4 




503.2 








90.81 


11.07 


4.480.5 




336.0 








18.00 


12.47 


1,501.3 




107.72 


1005 
















May 24... 


II 


IS. 497 


18.00 


12.48 


4,635.7 


0.2884 


107.09 








281.2 


9.38 


26,006 


0.2876 


797.8 








305.7 


8.72 


25.334 


0.2875 


832.1 








18.00 


12.48 


4.663.8 


0.2884 


107.58 


May 25... 


11 


12.497 


18.00 


12.48 


4.635.7 




107.00 








281.2 


0.38 


26,104 




798.4 








305.7 


8.72 


35.3S3 




832.3 








18.00 


12.48 


4,651.8 




107.30 
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Section 39. — The Conductivity Data. 
Tabu 19. — The conductivity data— Continued. 





lILVet NlTRATt. 


1 


»„. 


C*ll 


0»«ll(l>. 


T«i^»- 


Cmemif 


CsBdact. 




EqilrUul 




d*..*". 


nn. '°. 


it«ii'°. 


•no X ID*. 


lapicllT. 


COBdlCtlKH, 


IWH 
















Jan. 87... 


I 


24.98 


18.00 


24. OS 


2,898 


0.8074 


104.22 








100.00 


23.95 


8.609 




322.5 








1S4.0 


22.78 


12,200 




480.4 








218.0 


21.07 


14,078 




637.4 








155.3 


22.78 


12,231 




481.1 








100.07 


23.95 


8.637 




323.5 








18.00 


24.05 


2,938 


105.22 


Jan. 2a .. 


I 


24.98 


18.00 


24.95 


2,803 i 


104.03 








100.55 


23.94 


8,639 1 


323.4 








150.2 


22.75 


12,247 1 


483.0 








218.6 


21.06 


15.009 


630.1 








156.5 


22.74 


12,383 


484.5 








100.45 


23.94 


8.672 




324.0 








18.00 


24.95 


2,917 




104.83 


Feb. I.. 


I 


24.98 


18.00 


24.95 


2,803 




104.04 








99.38 


23.96 


8,553 




320.3 








154.8 


22.78 


12,168 




479.1 








216.8 


21.11 


14,932 




634.2 








155.1 


22. n 


12,180 




480.1 








99.29 


23.96 


8,566 




320.6 








18.00 


24.95 


2,005 




104.43 


Feb. 2... 


I 


24.98 


18.00 


24.05 


2,805 




104.12 








100.20 


23.94 


8.611 




322.7 








150.4 


22.75 


12,250 




483.2 








218.1 


21.07 


14,081 




637.7 








156.6 


22.73 


12.321 




486.1 








100.09 


23.94 


8.666 




324.6 








18.00 


24.05 


2.923 




lOS.OS 


Peb. 18 .. 


I 


24.98 


18.00 


24.05 


2.892 




104.01 








100.31 


23.94 


8.617 





332.0 








156.4 


22.74 


12,254 




483.3 








218.6 


31.05 


14,070 




637.6 








196.2 


22.75 


12,245 




483.8 








100.27 


23.04 


8,641 




323.6 








18.00 


24.05 


2,006 




10*. 44 








99.73 


23.05 


8,581 




321.4 


Feb. 23... 


I 


24.98 


18.00 


24.95 


2.800 




103.04 








155. 4 


22.77 


12.231 




481.0 








217.5 


21.00 


14.064 




636.3 








155.4 


22.77 


12,336 




482.0 








99.66 


23.05 


8,912 




322.4 








18.00 


24.95 


2,908 




104.51 


Feb. 24... 


1 


24.98 


18.00 


24.05 


2,803 




104.04 








216.8 


21.11 


14,036 




634.8 








18.00 


24.05 


2,018 




104.86 


Feb. 25... 


I 


24.98 


le.oo 


24.95 


2,802 




103.99 








155.6 


22.76 


12,107 




4S0.6 








18.00 


24.95 


2,900 




104.23 


April 15.. 


I 


40.89 


18.00 


49.83 


5,574.1 


6! 8058 


100.19 








100.04 


47.83 


16,456 




308.2 








156.3 


45.42 


23,242 




458.2 








S18.0 


42.13 


28,112 




697.S 








1SS.7 


45.45 


23,227 




457.6 








90.02 


47.83 


16,465 




303.2 








18.00 


49.83 


5,584 


" 


100.33 
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Conductivity of Aqueous Solutions. — Part IV. 
Table 19.—Tht conductivity iaio— Continued. 



aavBH mniATB. 



lO*. twKiv. 



1M>3 
Not. 16, , 
Not. 17.. 



Feb. 8S.. 
Apr. 16 . 



16.00 
18.00 
305.0 
S80.2 
18.00 
18.00 



18.00 
100.21 
157.3 



IS. 00 
100.14 
158.5 
218.1 
tSS.3 
100. IS 



18.0 



18.00 
99.55 
1SS.4 
Z17.5 



18.00 
281.0 
306.0 



98.79 
95.77 
90.77 
84.56 
90.74 



05.77 
90.74 
84.66 
90.56 
95.77 
99.79 
90.79 
91.02 
99.79 
90.88 
95.91 
91.14 
84.73 
91.14 
95.89 
99.88 

99.7S 
76.71 
70.55 



4,450.8 
4,452.6 
21.013 
23,179 
4,455.9 
4,451.2 
23,156 
21,820 
4.440.1 

10,519 
30,916 
43,459 
51,677 
43,571 
30^927 
10,543 
10^610 
30^894 
43,548 
61,680 
43,950 
30,949 
10,546 
10,518 
43,236 
10,527 
10,568 
30,908 
43,322 
51,840 
43,858 
30,900 
10i683 

8,433.8 
(41,911) 
(39.154) 



1.1252 
1.1187 
1.1181 
I.ISSS 



685.5 
100.48 
100.46 
687.1 
606.0 
100.16 

94.69 
289.7 
420.1 
548.3 
430.4 
289.7 
94.80 
04.69 
289.4 
430.6 
648.4 
433.5 
289.0 
94.S2 
94.68 
420.3 
94.65 
94.77 
288.7 
425.7 
647.0 
426.1 
289.5 
04.90 

95.16 
(619.0) 
(620.1) 



18.00 
100.00 
155.9 
217.8 
155.8 
09.05 
18.00 
18.00 
09.88 
155.7 
217.6 
155.6 
99.81 
18.00 



1.918 
1.998 
1.996 
1.016 
1.821 
1.686 



278.39 
803.04 
1,236.0 
1,616.0 
1,240.7 
864.30 
280.08 
277.72 
858.74 
1.236.8 
1.515.0 
l;237.0 
859.27 
278.60 



124.58 
401.8 
005.0 
B01.4 
000.7 
401.2 
124.03 
lit4.41 
400.3 
006.2 
801.3 
605.2 
899.4 
124.07 
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Section 39. — The CottducHvity Data. 
Tabu IB. — The conductivity data — Continued. 



POTAUIUM WLPHATB-Cofilliiaed. | 


Dim. 


Ctll 


OwMBlf^ 


T«^r>- 


C«a<><»- 


CM^Kt- 


Cnttaaa 


■,.).>kbi 


Ho. 


OoaitiP. 


IIR. f. 


d»M/°. 


ua X 10". 


(■VKilT. 




190S 

Apr. 3 .. 


II 


2.001 


18.00 


1.999 


845.9 


0.2974 


125.42 








277.2 


1.51Q 


4,727.3 


0.2066 


916.0 








309. 4 


1.3D9 


4,417.8 


0.2965 


933.7 








16.00 


1.999 


840.9 


0.2974 


125.83 


Apr. 4 .. 


II 


2.001 


IS. 00 


1.9W 


843.6 




184.94 








277.2 


1.515 


4.748.8 




920.5 








305.4 


1.398 


4,426.3 




929.1 








18.00 


1.999 


847.7 




125.00 


Apr. SI . . 


II 


1.999 


19.00 


1.994 


$47.0 


6;2950 


124.76 








280.S 


1.502 


4,760.5 


0.2942 


927.2 








309. 


1.398 


4.470.1 


0.2941 


930.5 








18.00 


1.906 


853.2 


0.2950 


134.67 


Jntf 12 .. 


II 


2.001 


18.00 


1.998 


859.7 


0.2913 


125.03 








2S1.1 


1.502 


4,858.6 


0.2905 


930.7 








305.0 


1.397 


4,471.3 


0.8904 


919.4 








18.00 


1.998 


895.0 


0.2913 


129.33 


Jttir 13... 


II 


2.003 


18.00 


2.000 


657.6 




124.44 








261.0 


1.S04 


4.652.2 




928.3 








30S.5 


1.397 


4,480.9 




920.2 








18.00 


2.000 


680.3 




124.98 


Mar. 1< . . 


1 


IS. SOS 


18.00 


12.490 


1.588.5 


618967 


114.00 








99.80 


11.989 


4.815.8 




359.0 








IStf.l 


I1.3BS 


6,755.4 




S31.S 








217.8 


10.S47 


7380.8 




669.3 








150.2 


11.387 


6,761.6 




531.0 








».88 


11.989 


4,619.5 




360.0 








18.00 


12.490 


1.991.6 




114.10 


Har. 17 . . 


I 


12.508 


18.00 


12.490 


1^90.5 




114.13 








100.38 


11.985 


4,844.3 




362.8 








1S0.7 


11.381 


6,782.9 




634.0 








218.4 


10.S4S 


7,895.6 




671.0 








150.7 


11.361 


6,788.0 




6S4.3 








100.30 


11.985 


4,845.8 




362.1 






18.00 


12.490 


1,502.6 




114.17 


1905 
















Apr. 6 .. 


II 


12.603 


18.00 


12.467 


4,799.6 


0.3972 


114.14 


Apr. 10 .. 


II 


12.493 


18.00 


13.477 


4,800.3 


0.2965 


114.02 








3T8.5 


9.307 


22,460 


0.2964 


696.2 








304.9 


6.753 


19,463 


0.3953 


855.0 








18.00 


12.477 


4,611.9 


0.2962 


114.03 


Apr. IS . . 


II 


12.492 


18.00 


12.476 


4,807.7 


0.2963 


114.07 








275.6 


9.503 


22,528 


0.2951 


698.0 








30S.1 


8.746 


19.406 


0.2950 


656.0 








2S0.6 


9.394 


23,298 


0.3051 


608.6 








18.00 


12.476 


4,816.6 


0.2959 


114.08 


Apr. 13 .. 


II 


12.490 


18.00 


12.473 


4,813.0 


0.2059 


114.10 








2S0.T 


9.392 


23.281 


0.2B46 


697.7 








309.2 


8.744 


10,523 


0.2047 


656.4 








IB. 00 


12.473 


4,817.5 


0.3956 


113.97 


Uar 1 .. 


II 


12.497 


18.00 


12.481 


4,841.0 


0.2951 


U4.37 








281.2 


g.388 


22.214 


0.2940 


604.0 








305.3 


8.748 


19.531 


0.2939 


654.4 








18.00 


IS. 481 


4,845.5 


0.8948 


114.2S 
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Conductivity of Aqueous Solutions. — Part IV. 
Table 19. — Tht conductivity Ai(a— Continued. 



POTAMIUM »ULPH*Tl-C«Ili.M*. j 




oil 

Ho. 


tiOBIt4° 


'Hnp.r.- 




Ctfiita- 




EqalTlltai 


Diu. 


u«"°i°. 


»>»!.,. 


1S04 
















Mar. IS . . 


I 


90.05 


18.00 


49.09 


5,688.3 


0.8967 


102.03 








•S.OO 


47.98 


16.775 




313.4 








156.4 


45.56 


22.861 




449.8 








217.7 


42.29 


25.376 




537.7 








150.4 


45.56 


22.861 




446.7 








99.69 


47.99 


16,744 




312.7 








IS.OO 


49.99 


5.698.4 




108.14 


Uar. 21 . . 


1 


50.00 


18.00 


49.94 


5,684.4 




102.05 








100.30 


47.92 


16,827 




314.8 








167.4 


45.4? 


22,908 




492.0 








218.fi 


42.24 


25.389 




586.0 








157.7 


45.45 


23J)06 




453.8 








100.34 


47.92 


16,829 




314.8 








18.00 


49.94 


5.688.9 




loe.ii 


IMS 
















8epL S9 . . 


III 


50.122 


18.00 


50.06 


4.462.1 


1.1446 


ias.02 








281.4 


37.71 


17.482 


1.1373 


5S6.9 








30S.S 


35.15 


14.940 


1.1367 


482.6 








18.00 


fiO.06 


4,480.7 


1.1438 


iaa.33 


Sept 26 . . 


III 


50.042 


18.00 


49.98 


4,499.9 


1.1438 


102.06 








281.3 


37.85 


17,444 


1.1364 


536.1 








305.G 


35.10 


14,883 


1.1358 


481.3 








18.00 


49.98 


4,479.0 


1.1420 


iae.3i 


IMH 
















Har. S2 . . 


I 


100.13 


18.00 


100.00 


10,601 


0.8967 


95.05 








100.24 


95.97 


30^878 




288.5 








150.3 


91.18 


41,460 




407.8 








218.4 


84.79 


45,076 




477.3 








190.2 


91.17 


41,450 


•' 


407.6 








100.09 


95.97 


30,844 


[| 


288.1 








18.00 


100.00 


10,601 




95.04 


Uar. S3 . . 


I 


100.10 


18.00 


100.03 


10,609 




05.06 








99.89 


66.01 


30^844 




288.0 








150.0 


91.21 


41.447 




407.4 








218.2 


84.84 


45,191 




477.7 








isa.o 


91.81 


41,466 




407.5 








100.02 


96.01 


30^862 




288.2 








18.00 


100.03 


10,605 




95.05 


1905 
















Sept 30 . . 


III 


100.03 


18.00 


99.90 


8,301.5 


1.1429 


94.67 








281.3 


75.48 


30.237 


1.1399 


454.7 








305.7 


70.36 


29,513 


1.1349 


411.1 








18.00 


99.90 


8,313.3 


1.1420 


95.01 


Sept SO . . 


III 


100.07 


18.00 


09.94 


8,302.2 


1.1420 


64.86 








281.3 


79.93 


30,815 


1.1346 


453.7 








305.4 


70.52 


25.561 


1.1340 


410.8 








18.00 


90.94 


8,311.6 


1.1411 


64.88 
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Section 39. — The ConducHvity Data. 
Table li.—The conductivity da(i>— Continued. 



.«,„« »mu>T., 1 




oil 


C«c«»^ 


T«v<n. 


C«n.«.- 


Cu4i(t- 


Ctmtaaita 


■4llTl]tll< 




Nb. 


(kMU4°. 




dMnir". 


u.» X 10". 


twKltr. 




1W4 
















Apr. 7 .. 


I 


1.999 


18.00 


1.996 


844.93 


0.8060 


109.53 








99.80 


1.916 


756.83 




SS2.1 








1S5.7 


1.821 


1.102.2 




'539.1 








317.7 


1.685 


1,363.4 




719.0 








155.7 


1.821 


1,100.3 




537.S 








90.87 


1.016 


756.02 




350.7 








18.00 


1.906 


245.42 




100.05 


Apr. 8 ..■ I 


1.999 


18.00 


1.096 


244.03 




109.65 








100.14 


1.916 


758.79 




353.8 








1SS.4 


1.820 


1,101.7 




530.4 








216.2 


1.684 


1371.3 




724.7 








160.4 


1.820 


1.103.3 




530.4 








100.07 


1.016 


759.82 




352.4 








18.00 


1.096 


245.63 




100.26 


1905 
















May 3 .. 


II 


1.B9T 


18.00 


1.993 


747.9 


0.8947 


110.08 








881.3 


1.496 


4,450.0 


0.2040 


864.3 








305.7 


1.391 


4,210.3 


0.2930 


877.0 








18.00 


1.093 


75B.7 


0.2947 


110.51 


May 3 .. 


ri 


2.003 


18.00 


2.000 


748.7 




100.63 








260.9 


1.50S 


4.471.3 




863.7 








S05.S 


1.306 


4,245.2 




880.2 








18.00 


2.000 


751.7 




110.00 


1M4 
















Apr. 11 . . 




12.512 


18.00 


12.50 


1,388.7 


0.8960 


09.48 








99.64 


12.01 


4,230.8 




316.3 








155.6 


11.42 


6,0*8.1 




475.0 








217.1 


10.56 


7,244.3 




613.8 








155.7 


11.41 


6,051.4 




474.9 








90.64 


12.01 


4,244.9 




310.4 








18.00 


18.50 


1,390.2 




09.47 


1005 
















Mar 4 .. 


II 


12.512 


18.00 


12.50 


4,223.7 


0.2937 


90.48 


May 5 .. 


II 


12.508 


18.00 


18.49 


4,835.0 


0.8037 


90.51 








281.2 


9.428 


31.474 


0.8810 


665.6 








305.5 


B.779 


10,060 


0.2918 


634.0 








18.00 


18.49 


4,882.5 


0.2927 


100.83 


May $ .. 


II 


12.496 


18.00 


12.49 


4^847.6 


0.2B27 


90.48 








281.0 


9.433 


21.532 


0.2009 


664.8 








305.1 


8.790 


19,123 


0.2008 


633.1 








18.00 


12.49 


4,278.3 


0.8917 


90.73 


ieo4 
















Apr. 12 .. 




50.05 


18.00 


49.08 


4,853.4 


0.8900 


86.97 








09.60 


47.08 


14,714 




874.6 








155.4 


45.60 


20,540 




403.3 








817.3 


42.28 


23,780 




502.8 








155.3 


45.60 


20,533 




403.1 








09.40 


47.08 


14.708 




274.5 








18.00 


49.98 


4.855.5 




67.02 


Oct 2 .. 


III 


50.00 


18.00 


50.03 


3.B12.6 


1.1411 


86. 9S 








881.8 


37.77 


18,908 


1.1333 


507.0 








30S.2 


35.25 


14,445 


1.1387 


463.6 


Oct 3 .. 


III 


50.16 


18.00 


50.09 


3,621.2 


1.1398 


86.93 


Oct 8 .. 


III 




18.00 


60.00 


3,828.7 


1.1385 


87.00 
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Conductivity of Aqueous Solutions. — Part IV. 
Table 19. — The conductivity dsf a— Continued. 





BARIUM H 


TRATI-Cai 


aott. 








Ctll 


CoKCKira- 


Teanri- 


Ctnceaua- 


C«ii4act- 




■^■iTlkM 




No. 


d^ul'. 


mc, 1°. 


rio-ufo. 


"" ^ "••■ 


ct»>cur. 




1904 
















Oct 4 .. 


Ill 


50.17 


18.00 


50.11 


3,887.7 


1.1378 


86.SS 


Oct 5 .. 


III 




18.00 


50.11 


3,836.0 


1.1359 


86.»4 








280.8 


37.86 


17,181 


1.1284 


918.0 


Oct 13 .. 


III 


50.10 


18.00 


50.12 


3,845.9 


i.mo 


87.08 








281.2 


37.86 


17,086 


1.1272 


508.6 








305.5 


35.29 


14.597 


1.1266 


4S6.S 








18.00 


90.12 


3,817.0 


1.1337 


86.29 


Oct 22 .. 


III 


50.0S 


18.00 


50.02 


3,800.1 


1.1274 


86.97 








305.5 


35.22 


14,703 


1.1190 


466.7 








18.00 


60.08 


3.885.6 


i.tsai 


87.41 


Oct 20 .. 


III 


78.72 


18.00 


7S.63 


5,606.4 


1.1330 


82.03 








381.0 


59.53 


24,606 


1.1247 


466.6 








30S.1 


59.60 


81,025 


i.mi 


434.7 








18.00 


78.62 


5,670.2 


1.1312 


81.66 


Oct SS .. 


III 


78.73 


18.00 


78.63 


9,726.4 


1.1261 


88.02 








281.2 


59.S1 


84,748 


1.1187 


464.8 








305.7 


55.52 


21,120 


1.1181 


426.3 








18.00 


73.63 


6,705.9 


1.1258 


81.63 


Apr. 12 .. 


I 


100.07 


18.00 


90.9S 


8,830.1 


0.8B60 


70.14 








n.so 


95.97 


26,780 




250.1 








155.3 


91. S2 


37,027 




363.6 








217.3 


S4.S3 


42,(rT5 




444.7 








18.00 


90.99 


8;S32.4 




79.14 


Apr. 13 .. 


I 


100.00 


18.00 


99.87 


8,810.1 




79.11 








09.80 


95.87 


26,850 




Z50.9 








155.5 


91.07 


37,070 




364.9 








217.5 


84.68 


48,018 




444.S 








195. S 


91.07 


37,179 




364.9 








W.77 


95.88 


26,846 




250.8 








18.00 


99.87 


8,881.4 




79.11 


1009 
















Oct 14 .. 


III 


100.34 


18.00 


100.21 


6,009.4 


1.1337 


79.14 








281.8 


75.97 


89,586 


1.1283 


437.8 








18.00 


100.21 


6,693.0 


1.1388 


75.60 


Oct 17 .. 


III 


100.40 


18.00 


100.28 


7,004.0 


1.1328 


70.12 








280.9 


76.12 


39,763 


1.1255 


439.B 








18.00 


100.28 


7.019.0 


1.1380 


79.81 




HACK Ml 


DM wirxh 


n. 






lOM 
















Jnne 28 . . 


II 


1.082 


18.00 


1.970 


611.07 


0.3070 


94.43 








100.07 


1.900 


1,894.2 


0.3068 


304.4 








155.7 


1.805 


2,880.7 


0.3066 


384.7 








217.7 


1.670 


1,537.9 


0.3064 


277.6 








15S.9 


J.e05 


2,890.4 


0.3066 


389.6 








100.05 


1.900 


1,907.3 


0.3088 


309. 7 








18.00 


1.079 


614.67 


0.3070 


04.55 


June 28 . . 


II 


2.168 


18.00 


2.105 


661.16 




93.41 








100.12 


8.078 


2,049.2 




300.5 








155.9 


1.975 


2,440.7 




376.4 








217.8 


1.827 


1,«88.8 




869.1 








155.9 


1.975 


2.457.6 




378.3 








100.12 


8.078 


2,096.6 




301.4 








18.00 


2.16S 


665.82 




93.68 
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Section 39. — The ConducHvtly Data. 
Tabu 1». — Tht conductivity tfato— Continued. 



UACHUIUM tULPHATI— CgBd 



Apr. 28 . . 
Apr. 27 . . 



18.00 


12. SI 


1,032.8 


100.14 


13.01 


2,877.8 


1M.7 


u.u 


2,961.7 


31».S 


10.59 




19«.? 


11.41 


2,953.4 


100.11 


12.01 


l;881.0 


18.00 


12.51 




18.00 


26.13 


1,880.9 


09.85 


26.09 




185.7 


23.84 


4.981.8 


817.0 


22.09 


2,678.7 


185.0 


23.84 




».« 


25.09 


5,028.9 


18.00 


26.13 


1,882.9 


18.00 


S2.76 


3,324.2 


».70 


50.69 


8,581.5 


185.8 


48. IS 


8,186.0 


aia.o 


44.62 


4,342.7 


108. S 


48.13 


8,100.7 


99.84 


50.85 




18.00 


52.76 


3,332.8 


18.00 


00.81 


5,992.4 


100.07 


05. 79 


14,017 


168.6 


00.98 


13,088 


218. a 


84.82 


7,015.0 


IS. 00 


99.31 




18.00 


09.81 


5.652.4 


18S.4 


00.09 


13,109 


18.00 


09.81 


5.995.0 


18.00 


106.80 


5.851.1 


100.05 


102.40 




isa.s 


0T.26 


13,794 


218.6 


90.42 


7340.9 


196.5 


07.26 


13,766 


100.03 


102.40 


14,768 


18.00 


106.89 




18.00 


195.71 


9.487.9 


100.09 


187.83 


28,561 


196.7 


178.36 


2M98 


218.8 


188.49 




196.3 


178.44 


aU35 


100.11 


187.82 


28,610 


18.00 


105.71 


0,489.0 


IS. 00 


390.4 


15,044 


100.31 


338.2 


37,373 


196. 6 


319.4 


35.119 


218.8 






186.8 


319.* 


35.115 


18.00 


350.4 


15.079 



73.83 
214.4 
231.4 
137.7 
231.4 
214.4 
73.91 
64.41 
170.2 
188.2 
108.3 
188.3 
170.3 
84.44 
98.40 
151.7 
152.2 
S7.0 
152.3 
151.8 
58.52 
49.81 
131.0 
128.8 
74.1 
40.92 
49.81 
189.0 
40.82 
40.10 
128.9 
126.6 
72.8 
138.7 
130.1 
40.23 
43.31 
112.3 
100.9 
61.2 
110.3 
112.5 
48.40 
38.44 
99.53 
08.46 
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P4 Conductivity of Aqueous Solutions. — Part IV. 

In regard to these experiments a few remarks of a special character may 
be added. In the case of silver nitrate it was observed, when the bomb 
was rinsed with absolute alcohol and ether and the adhering portion of 
the latter solvent allowed to evaporate, that there was, even at 218°, a 
rapid progressive decrease in the conductance of the solution and that 
this was due to an extensive reduction of the salt In fact, in two experi- 
ments, one at 218° and one at 306°, it was found upon cooling and open- 
ing the bomb that it was entirely coated with a crystalline deposit of metal- 
lic silver, and that the solution contained no silver and no add whatever, 
giving no precipitate with hydrochloric acid and no color change with lit- 
mus. Since the minute quantity of organic matter present could not pos- 
sibly cause this reduction, it is evident that the decomposition when once 
started goes on spontaneously, the reaction being apparently catalyzed by 
the metallic silver. This remarkable phenomenon was not observed when 
the bomb was rinsed with pure water and quickly dried at 100°, or when 
rinsed with the solution, except in the last experiments at 281' and 306° 
made with the strongest (100 milli-normal) solution; in these cases a 
slow decrease in conductance occurred, and the conductivity-values given 
are therefore less reliable than usual ; yet since they have been corrected 
upon the basis of measurements of the rate of change they are probably 
not in error by more than 1 per cent. 

In the case of the 100 milli-normal barium nitrate solution at 306* a 
steady decrease in conductance was also observed, but, since upon return- 
ing to 18° the conductance was found to be the same as before the heating, 
the observed change was doubtless due to the gradual separation of the 
salt itself or of a basic derivative of it from the solution. We did not 
therefore obtain reliable measurements at this concentration at 306°, but in 
place of them we investigated at that temperature a somewhat more dilute 
solution (80 milli-normal) in which the change, though noticeable, was 
so slow as to introduce no in^rtant error. 

In the experiments with magnesium sulphate a similar decrease in 
conductance was observed with the 350 milli-normal solution at S18° and 
even with an 80 milli-normal solution at 306°. In the former case a white 
crystalline deposit was found in the bomb upon cooling and openii^ it 
without shaking, and the solution was found by titration to contain con- 
siderable acid. On account of the large hydrolysis and the separation of 
a solid phase, even in fairly dilute solution, no attempt was made to carry 
the measurements above 218°. 
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Section 40. — Summary of EquivaUnt Conductoncgs. P5 

«. SUMMARY OF THE EQUIVALENT-CONDUCTANCE VALUES. 

The separate conductance values given in table 19 were all corrected so 
as to correspond to the uniform temperatures of 18', 100°, 166°, 218°, 281", 
and 306° by means of temperature-coefficients obtained by plotting those 
values. The so-corrected equivalent conductances are summarized in 
table SO. 'Hie concentration is expressed in nulli-equivalents per liter at 
4°. In the columns headed "Initial" are given the equivalent conductances 
obtained from the measurement at the temperature in question before 
going to the higher temperatures ; while in the columns headed "Final" are 
given the equivalent conductances obtained after returning to the tempera- 
ture in question from the higher ones. From a comparison of the separate 
initial values at any temperature and concentration the degree of agree- 
ment of determinations made at different times, and often with differ- 
ent solutions, will be seen. A comparison of the initial and final values 
in the separate experiments shows the contamination that resulted from 
the heating. 

Table 20. — Eguivalent condutiance at round temperalurtt. 



MDtVM CHLORtDI. 


Due. 


rin"V. 


18°. 


100°. 


lief. 


MJ". 


M6''. 


I,*!.!. 


Fiail. 


1903 
Mar. 25 .. 
Nov. 13 .. 

1B04 
Har. 31 .. 
Jnly 1 .. 

Mean .. 

1905 
Mar. 15 .. 
Mar. 17 .. 
Mar. 21 .. 
Mar. 23 .. 
Mar. 29 .. 
Apr. 23 .. 

Mean .. 

1904 

Apr. 1 .. 

1905 
Sept. 26 .. 
Oct 1 .. 

Nov. ae .. 


3.000 
2.006 

10.013 
10.020 


100.71 
105.5 

108.08 
101.06 


106.22 
105. S 

102.01 
102.12 


'siois 


891.3 
686.4 




972 


10.017 


101.09 


102.07 




689.9 






10.027 
10.009 
10.031 
lO.OlS 
9.974 
10.017 


101.91 
101.06 
101.93 
lot. 94 
102.02 
101.94 


101.B9 
102.se 
103.07 
108.14 
102.07 
101.98 






B30.0 
636.7 
83S.1 
838.2 
836.3 
637.2 


879.8 
886.8 
884.0 
863. 4 
885.4 
887.2 


10.010 


101. 9S 


102.83 






63S.1 


884.5 


100.13 

100.13 
100.17 


98.14 

02.08 
93.08 


02.18 

92.23 
92.34 




568.0 


678.7 
678.7 


694.4 
693.5 


100.15 


93.08 


92.28 






678.7 


694.0 


100.02 


91.94 


92.01 


296.8 


445. S 
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(kS Conductivity of Aqueous Solutions. — Part IV. 

Tabi£ 2ti.—EqitivaUnt conductance at round Umperaluret — Continued 



POTAMIUM CHLORIDB- 


Due. 




!?>. 


!lg». 


m". 


1 


rt»«4°. 


..h.^. 


nui. 




1004 
Mar. 2S.. 

IMS 
Uar. 13.. 
Mar. 14. . 
Apr. M.. 

Mean . 

1004 
Mar. 28.. 

1005 
Sept. 87.. 
Oct 2.. 
Oct 9.. 
Oct 27.. 

Mean . 


10.015 

lO.OSl 
10.021 
10.008 


122.38 

122.40 
122.40 
122.45 


122.88 
122.51 














935.4 




SS9.8 
887.6 




035.6 




10.016 


122.42 


122.40 




888.7 


035.5 




100.13 

100.12 
100.20 
100.17 
100.04 


111.08 

111.97 
111.97 
112.03 
112.03 


112.18 
ii2!26 

112. 'as 


















724.5 


736.2 
















100.13 


112.00 


112.27 




727.0 \ 730.2 




Dhc. 




"■■ 


2S». 


SP. 


75°, 


i«P. 


128°. 


Htf'. 


ISS°. 


ihM. «*=. 


Inltiil. 


Fl„.. 


1005 
Not. 18. . 
Not. 21. . 
Not. 20. . 
Not. 25. . 


i.ooa 

V.OMt 
19.002 
100.01 


12«.4 
122. 4 
120.1 
112.0 


12«.2 
122.5 


146.4 
141.5 
138.8 
120.0 






303.3 
377.7 
3S8.3 
336.7 


471 is 


534.2 


S89.1 
583.0 


215.3 


206.4 


112 


.0 




94.7 


417.1 


449.7 


402.8 
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Section 40- — Summary of Equivalent Conductances. p/ 

Table 30.— Egmvatenl conductance at round temferatures~CfxAm\ieA. 



ULV» NITRATE. | 


Put. 


Cmmb. 


!»=, 


.VP. 


J6'. 


a(P. 


2gl=. 


306» 


'ri=" 


Infclil. 


Flail. 


InJtlil. Flnil. 


mkid 


risiu 


1904 
Feb. 16 

Feb. 17 

June 27 

Mean 

1905 

May 19 

May 22 

May 23 

July 11 

Mean 

1904 
April 14 

IMS 

May 24 

May 25 

Mean 

1904 

Jan. 27 

Jan. S8 

Feb. 1 

Feb. 2 

Feb. 18 

Feb. 23 

Feb. 24 

Feb. 25 

Mean 

19(M 
Apr. 15 

1905 

Not. le 

Not. 17 

Not, 18 

Mean 

1904 

Feb. 4 

Feb. 5 

Feb. 25 

April 16 

Mean 

Not. 21 

Nov. 23 


1.999 
1.999 
3.002 


112.02 
112.14 
112.25 


113. 3S 


361.7 353.5 


533.0 
S33.9 
534.0 








634.7720.6 
536.0 729.6 






113.18 ;350.7 


353.3 










2.000 


112.14 


113.14 ,351.5 


353. S 


533.6 


535.7,724.1 










2.003 
1.999 
2.002 
2.0O4 


112.62 
112.38 
112.10 
112.32 


117.31 
115.75 
115.30 












896.1 
895.3 
892.8 


0S7.0 
953.7 
952.7 
956.8 














































2.002 


112.29 


116.64 










894.7 


955.1 










12.481 

13.497 
12.4B7 


107.55 

107.09 
107.09 


107.72 

107.58 
107.30 


335.3 


335.5 


504,0 


504.1 


672.2 






797.6 
796.2 


831.9 
832.1 






















12.497 


107.09 


107.44 












797.9 


832.0 












24.98 
24.98 
24.98 
24.98 
24.98 
24.98 
24.98 
24.98 


104.22 
104.03 
104.04 
104.12 
104.01 
103.94 
104.04 
103.99 


105.22 
104.83 
104.43 
105.06 
104.44 
104.51 
104.86 
104.23 


332.6 
321.8 
322.1 


323.2 
323.6 
322.7 


483.4 






















483.1 
482.2 
483.5 


484.5 
482.3 
483.6 


637.5 
636.5 
637.3 
636.8 






322.0|322.g 
























481.7 


















24.98 


104.05 


104.70 


322.1 


323.3 


482.5 


483.1 


637.2 










40. B9 

49.94 
49.94 
49.93 


100.19 

100.42 
100.45 
100.45 


100.33 


308.1 


308.4 


457.4 


458.4 


597.6 










100. 4B 
100.16 












685.5 
687.1 


694.5 
695.0 






















49.94 


100.44 














686.3 


694.8 














D9.92 
99.92 
99.92 
100.01 


94.59 
04.59 
94.58 
94.77 


94.80 .269.3 


289.4 
289.6 


.... 

424.4 
426.8 
427.2 


429.2 
427.1 


548.1 
548.2 










94.65 










290.1 


















90.94 
99.85 


94.64 
95.16 


94.79 1289.3 


2S9.7|42a.l 


427.0|548.4 










1 , 


(619.) 


'(is20.) 


. 1 .. 
1 
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Conductivity of Aqueous Solutions. — Part IV. 



Tabu 20 




POTAMKIU WLPHATI. 


OM. 


a^„. 


1B°. 


lOQ". 


156°. 


31S». 


2810. 


MS". 




[■■■111. 


fIdiI. 


mlilit 


ni<i. 


iBltbl 


n.^. 


19(H 

Mar. 14 

Bfar. 19 

Mean 

1«B 

April a 

April 4 

April 21 

July 12 

jDlr 12 

Mean 

1904 

Mftr. 16 

Mar. 17 

Uean 

IMS 

April 6 

AprU 10 

April 12 

April 13 

Maj 1..... 

Mean 

1904 

Mar. 18 

Mar. 21 

Mean 

IflOS 

Sept. 29 

Sept. 29 

Mean 

1B04 

Mar. 22 

Mar. 33 

Mean 

1905 

Sept 30 

Sept 30 

Mean 


2.001 
1.999 


124.98 
124.41 


124.63 
124.07 


401.8 
400.7 


401.4 
400.1 


606.0 
fi07.3 


B07.4 
606.6 


802.0 
802.4 










2.0W 


124.90 


124.35 


401. J 




J06.f 


(07.1 


KB.i 






2.001 
2.001 
1.999 

a. 001 

S.003 


125.42 
124.04 
124.76 
128.03 
124.44 


125.22 
129.00 
124.37 
129.33 
1S6.98 












919.8 
924.3 
927.7 
930.6 
02B.3 


933.3 
928.7 
929.9 
919.2 
919.9 











































2.001 


124.92 


126.28 












930. 


926.2 


12.503 
12.508 


114.00 
114.13 


114.10 
114.17 


3S0.3 

361 .0 


300.4 
S61.1 


931.2 
5.12.0 


531.3 
«2.3 


669.6 
670.4 










12.60e 


114.07 


114.14 


360.^ 


"m.f 


531. e 


531.8 


(70. C 






12.503 
12.493 
18.492 
12.490 
12.497 


114.13 
114.02 
114.07 
114.10 
114.37 


















114.03 
114.08 
113.97 
114.25 












096.2 
698.0 
697.7 
694.0 


692.8 
654.2 
694.6 
653.0 
































12.49; 


114.14 


114.08 












696 f 


653.7 


50.05 
50.00 


103.03 
108.09 


JOB. 14 
102.11 


313.7 
113.9 


313.5 

313. fl 


449.0 
450.1 


448.9 
450.4 


537.9 
538.6 










90.03 


102.04 


102.13 


313. H 


313.7 


44!). 6 


449.7 


53S.3 







SO. 12 
50.04 


102.02 
102.06 


103.33 
102.31 












527.3 
52S.4 


481.6 













.10.08 


103.04 


102.32 
















526. f 


481.0 


100.13 
100.16 


9S.0S 
99.06 


95.04 
95.05 


288.0 


287.9 


407.3 
407.4 


407.3 
407.5 


477.0 

477,6 










100.15 


95.06 


05.05 


288. f 


288. C 


407.4 


407.4 


477.! 







100.03 
100.07 


04.97 
94.86 


95.01 
94.88 












455.1 


410.9 












100.09 


94.92 


94.94 












454.6 


410.0 










BAKIUM NITRATI. | 


1B04 

April 7 

April 8 

Mean 

igos 

May 3 

Mar 3 

Mean 

1904 
April 11 


1.999 
1.999 


109.53 
109.55 


109.05 
109.20 


352.5 391.1 
353.71352.2 


540.1938.2 
538.2538.2 


720.7 
724.2 










l.OM 


109.64 


109.16 


392.( 


391.7 


53B.2 538.2 


722.S 







\:Z 


110.08 
109.83 


110. S] 
110.00 












803.8 
863.8 


B77.0 
880.1 












2.00C 


109.05 


110.26 













863.fl 


878.6 


12.513 


99.48 


99.47 


317.4 


317.9 


47S.1 


475.7 


614.9 
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Section 40. — Summary of Equivaient Conductances. 
Tabu so. — Equivalettt coHduclanee al round temperaturet — Continued. 









BAKItlU 


NrrnATE. 














c.«- 


18°. 


itO». 


156°. 


!1B°, 


281°. 


306°. 


D.». 


'ifis? 


Inldd. 


riDtl. 


initiii 


n«i. 


Ii.lliil.| FImL. 


IMS 

Maj 4 

NTay 6 


12.512 
12.508 


99.48 
99. SI 


















100.23 












665.6 


















12. SM 


99.49 


99.98 




.. 


.. . 






005.1 


632.5 


1904 
April 12 

1«S 


50.0s 

S0.09 
50.16 

50.17 

50.19 
50.09 


80.97 

86.95 
86.93 
87.00 
86.85 
86.94 
87.08 
86.97 


87.02 


875.5 


275.6 


404.6 


404.6 


502.9 






507.2 






































































511.8 
508.8 






86.29 
87.41 














Oct S3 












465.7 


Uean 




86.96 














600.3 


464.1 




78.73 
78.73 


82.03 
82.02 


81.56 
81.63 












465. 
465.0 




Oct 25 












424.6 


Mean 


78.73 


82.03 














465? 


423. B 


1904 

April 12 

April 13 


100.07 
100.00 


70.14 
79. U 


79.14 
79.11 


SSI. 2 
E.11..T 


251.3 


364.8 
IBS. 4 


wsii 


445.1 
446.1 










Mean 


100.04 


79.13 


79.13 


LM-S 


251.3 


185.1 


365.4 


445.1 






1905 


100.34 
100.40 
100.37 


79.14 
79.12 
79.13 


75.60 
T9.21 












437.6 
439.6 
438.6 


















Hean 































MACHUniH niLPHATI. 



1901 

June 28 

June 28 

Ooirected 

valnee 

May 6 

OoTTected 

Apr. 95 

OoTTOctod 

Apr. 26 

Oorracted 

Talnes 

Apr. 28 

Apr. 28 

Apr. 27 

Oorreoted 
Talaes. . . . 

Mar 2 

UaT 3 



99.93 
90.93 
106.83 



49.81 
40.81 
49.10 



49.92 
49.82 
48.23 



131.0 
128.0 



1S3.1 
120.0 
120.1 
186.8 
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100 Conducliztty of Aqueous Solutions. — Port IV. 

Table 21 contains a summary of best values derived from the means 
in table 20. The means of only the initial values have been taken and 
these have been corrected for the contamination upon heating in the man- 
ner described in section 16, Part II. 



Table 21.~Btst values of ike equivalent conductance a 


i round temperatures. 




Mlu 


U«it,. 


Ptuulu 


ikkHl«e. 


Ulni 


iltnte. 


(1=) 












■4.tnl«l 




■11°. 




«i°. 




M(0. 


«i>4icu«>. 


IB 


s.ooo 


lOfi.S 


2.000 


126.4 


1.908 


112.2 




10.00 


102. 


10.00 


122.4 


12.48 


107.2 




100.0 


K.O 


100.0 


113.0 


24.95 
49.86 
99.8 


104.0 
100.2 
94.6 


100 


1.0S4 


349.3 


1.9S0 


893.3 


1.916 


361.0 




es.9 


2M.8 


0.58 


377.7 


11.97 


336.0 








95.9 


336.7 


23.95 
47.83 
95.8 


321.5 
308.0 
280.0 


1S6 


91.1 


44S.S 


1.824 


680 


1.821 


632 








B.IO 


603 


11.37 


604 








91.1 


493 


22.73 
45.43 
01.0 


481.0 
437.0 
426.0 


218 


8.44 


OBO 


S.44 


746 


1.685 


720 




S4.4 


SB8 


B4.4 


037 


10.58 
21.07 
42.13 
B4.fl 


072 
636 
SOT 
548 


SBl 


7.M 


834 


7. SI 


889 


1.600 


877 




7S.7 


678 


75.6 


736 


9.38 
37.70 
75.7 


798 
685 
(616) 


306 


1.3M 


972 


6.90 


•39 


1.304 


037 




0.09 


883 


70. S 


735 


8.71 


830 




70.6 


091 






35.10 
70.6 


693 
(817) 
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Section 40. — Summary of Equivalent Conductances. lOi 

Tabu Sl.^Best valves of equivalent conductance at round lemferaluret — Continued. 







PotwIllllcklMlJe. 






PMWi.. 


M«\t,. 


























CoBiHItnieB 


IVlnl>iit 




..(=. 








111". 


"»*«•"«■ 


2S 


1.997 


146.4 


75" 


9.79 


293.4 




9.V. 




141.5 




97.5 


265.1 




10. 9i 




138.8 










99.7 




129.0 








SO 


0.88 




21s. 


1 


128° 


9.36 


471.8 




19.71 




S10.4 




93.6 


417.1 




98.8 




194.7 










PgtHlw »lpl>u>. 


BiTlui ■lir.u. 


M.(.«i 


. ..IpbM. 


















MilntHt 




l4mlnl«> 




■4i1nle« 






cadiciun. 




oodgcUKO. 






16 


1.M8 


124.8 


1.096 


109.7 


1.99B 


94.3 




12. «S 


114.1 


12.51 


99.5 


12.49 


73.9 




50.00 




50.07 


87.0 


24.98 


64.8 








78. « 


82.0 


49.99 


96.8 








100.1 


79.1 


99.9 
196.7 
350.4 


49.8 
43.3 
36.45 


100 


1.918 


401.5 


1.916 


353.0 


1.919 


304.0 




11.99 


360.S 


12.01 


317.3 


11.99 


214.3 








47.98 


275.5 


23.06 


180.7 




06.0 


2S8.0 


93.0 


2S1.0 


47.97 
96.9 
187.8 
336.3 


153.1 
131.0 
112. 3 
99.7 




1.821 


607 


1.821 


539 


1.BZ2 


384.0 








11.41 


476.0 


11.39 


231.3 




43.56 


449.5 


45.58 


404.5 


22.77 


187.0 




91.2 


407.5 


91.1 


363.5 


46.55 
91.1 
178.5 
319.9 


153.1 
129.0 
110.2 
98.7 




1.6S5 


SOS 


1.6S5 


723 


1.S85 


273.7 




10.95 


670 


10.65 


615 


10.53 


140. 1 




42.27 


538 


42.24 


603 


21.07 


103.0 




S4.8 


477.5 


84.7 


445.0 


42.13 
84.8 
1«.7 


87.x 
74.4 
61.6 






020 


l.SOl 


862 








0.39 


607 


S.43 


664 








37.71 


526 


37.85 


509 








75.6 


454.5 


59.3 
76.0 


4«5.5 
438.5 






306 


1.395 


920 


1.392 


877 










654 


8.77 


631 








35,07 


480.5 


36. IS 


464 








70. M 


410.0 


35.6 


424 
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JO? Conductivity of Aqueous Solutions. — Part IV. 

41. EQUIVALENT-CONDUCTANCE VALUES AT [K)UND CONCENTRATIONS. 

The conductance values in table 21 which refer to different concentra- 
tions at different temperatures have been reduced to a uniform round con- 
centration by graphic interpolation with the help of the linear function 

— = — — |- ^(CA)" discussed in section 17. The so-reduced values are 
presenteid in table 23, except those for sodium and potassium chlorides, 
which have already been summarized in table 9, section 16. As these are 
our ffnal values it may be again stated in explanation of the table, that, as in 
the preceding tables, the concentration is expressed in milH-equivalents per 
liter based on the international atomic weights for 1905 referred to oxygen 
as 16,00 ; that the temperature is the true temperature on the hydrogen-gas 
scale as derived (at the higher temperatures) from the determinations of 
Jaquerod and Wassmer of the boiling-points of naphthalene and benzo- 
phenone; and that the equivalent conductance, which has been corrected 
for that of the water, is expressed in reciprocal ohms, the absolute conduct- 
ance-capacity of the conductivity vessel having been derived from Kohl- 
rausch and Maltby's data for sodium and potassium chloride at 18' and 
corrected for its change with the temperature. The concentration given 
in the second column is that at the temperature of the measurement. 

The conductances at zero concentration were obtained in the cases of 
silver nitrate, barium nitrate, and potassium sulphate, at 100* and above, 

by graphic extrapolation upon plots of the function — ■= — -\- K{C\)^ 

At the higher temperatures the results are doubtless much in error owing 
to the large extrapolation involved, but they are the best obtainable from 
the data. At 18° we have inserted for zero concentration the values cal- 
culated from Kohlrausch's conductance values for the separate ions of the 
potassium sulphate, barium nitrate, and magnesium sulphate. In the case 
of magnesium sulphate at the higher temperatures, the method employed 
for the other salts was inapplicable owing to the large hydrolysis, and 
there are at present no independent data upon which a fully satisfactory 
determination of its A,, value can be based. But, in order to give some 
idea of the relation of its conductivity at the various concentrations to 
that of the completely ionized salt, we have assumed that, at 100° and 
above, magnesium and barium ions have the same equivalent conductance 
and have computed rough A^ values by the relation Ao,u,so4>=Ao(Bjj^,)-1- 
A(,(EiSOi) — Ag(KCi)- The assumption that chloride-ion and nitrate-ion 
have the same equivalent conductance is also involved ; but this assump- 
tion is doubtless substantially correct. The so-computed A, values for 
magnesium sulphate are given within parentheses in the table. 
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Section 41. — EquwcUent Conduciattce at Round Concentrattons. 103 
Tabu 32.— Final valuts of the tqwvateitt conductaiut. 



u^. 


C«ic«. 

RMiH. 


18°. 


100°. 


1S6?. 


218°. 


281°. 


306P. 







119.8 


307 


S70 


780 


965 


1065 










539 




877 


936 




10.0 


108.0 


337 


507 


673 


790 


818 




12. S 


107.2 


334.S 












SO.O 


105.1 


325.S 


487.5 


639 








ZB.O 


104.0 


322.6 












40.0 


101.3 


311.3 


462.6 


909 


680 


680 




SO.O 


og.o 


30T.6 












80.0 


M.5 


294.0 


432 .fl 


662 


014 


604 




100.0 


H.« 


266.0 










K,80. .... 





m.s 


455 


716 


1069 


1460 


1725 




2.0 


124.8 


401.5 


605 


806 


803 


867 




10.0 


115.7 


369.0 


537 


672 


687 


637 




18.5 


114.1 


358.0 












40.0 


104.2 


320.0 


455.0 


546 


619 


466.0 




60.0 


102.0 


312.0 












80.0 


«T.2 


204.6 


415.0 


482.0 


448.0 


395.5 




100.0 


M.O 


286.0 










Ba(NO,). . 





116.9 


385 


600 


840 


1120 


1300 




a.o 


100.7 


392.0 






828 






10.0 


101.0 


322.0 


481 


618 


ess 


615 




13.5 


B9.4 


316.0 













M.O 


88.7 


280.0 


412 


507 


503 


448 




50.0 


86.S 


273.6 












80.0 


81.6 


2S7.S 


372 


44B 


430 






100.0 


78.1 


249.0 










MgflO, 





114.1 


<42«) 


(«») 


(1080) 








2.0 


04.3 


302 


377 


260 








10.0 


76.1 


223.6 


241. 


143 








12.5 


73. B 


212.6 


225.0 










20.0 


67.5 


190.0 


196.0 


110.6 








2S.0 


64.8 


179.0 


180.0 










4O.0 


60.3 


160.0 


168.0 


88.6 








SO.O 


SO. 8 


151.5 


149.0 












62.0 


130.0 


133.0 










100.0 


49.8 


120.9 


120.0 










160.0 


45.3 


116.5 


114.8 


«2.4 








200.0 


43.1 


110.9 


109.1 










320.0 


3».Z 


100.6 


9B.7 









It is of interest to compare our results at 18° with those previously 
obtained by Kohlrausch and Steinwehr*, Kohlrausch and Gruneisen,f and 
(for magnesium sulphate) by Foster.J AH these data at corresponding 
concentrations have been brought together in table S3. It vtrill be seen that 
the results agree within 0.3 per cent in nearly all cases, and within 0.4 per 
cent without exception. Measurements have been made at 95* in a glass 
apparatus by Kahlenberg§ with silver nitrate and magnesium sulphate. 

'Kohlrausch und Steinwehr, Sitzungsber. preuss. Akad., 1902, 681. 
tf^hlranKh und Grfindsen, Sitzungsber. preuM. Akad, 1904, 1216. 
tW. Foster. Phys. Rev «, 257 (1899). 
IKahlenberK, J. Phys. Chem., S, 349 (1901). 
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104 Conductivity of Aqueous Solutions. — Part IV. 

We have reduced his results to 100' by means of our temperature-coeffi- 
cients at that temperature, and have given them beside our own in the 
table. It will be seen that the results with silver nitrate are widely diver- 
gent at all concentrations, and that those with mag^nesium sulphate are 
somewhat so except at the higher concentrations, indicating the difficulty 
of getting reliable results at such high temperatures in glass vessels. 



Table 


23.—Comparvon of the conduclivily results 


of different investigators. 






Mint .iirm. 


B..I.B glmt*. 


PMwlBBlHlpktle. 


H^,„...,.«.. 1 








































nwnt. 


















M.J<b.. 


^rr 




2.0 


113.2 


113.1 


lOfl.7 


ioa.5 


124.8 


124.0 


94.3 


94.1 


93.8 




10.0 


108.0 


107.8 


101. 


101.0 


115.7 


115.8 


Tfl.l 


76.2 


76.1 




20.0 














67.5 


S7.7 






BO.O 


eg.9 


eg. 5 


86. B 


86.8 


102.0 


101.9 


96.8 


56.9 


96.6 




100.0 


M.e 


M.3 


TO.l 


78.0 


OS.O 




1.9 


49.8 


49.7 


49.5 




c^^. 




MitH<l» •■l»k>n. 1 


"«is:^' 


K.kl«>k..t.| 


N<>m»< 


Kiki* 


b«i.I 


100 




2.0 


3S3 


335 


302 


305 








337 


311 










«.o 


31S 


282 


160 


163 






80.0 


2H 


za> 


136 


136 






100.0 


280 


257 


130 


130 



'KdhlrUMh nod Steiawchr, Sitiangilwr. prcoi 

IW. Fotter. Phj;!. Rer^ *, 1B7 (TSSB). 
ilUhlcniKri. J. 'Ay: Cfaem. 6. 149, (IfiOl). 



42. CHANGE OF THE EQUIVALOfT CONDUCTANCE WITH THE 

OC»KENTOATTON. 

The empirical law of the variation of the conductance of silver nitrate, 
potassium sulphate, and barium nitrate with the concentration is shown by 
table 84, in which the values of the exponent n in the function 
C(A, — A) =K(Ca.)' are tabulated. 

Table 2i.— Values of Ike exponent n in the function C(A,— A = K(CA)". 



■■kMUU*. 


18". 


IVP. 


IStf". 


2U''. 


2S1''. 


xe: 




1.53 
1.42 
l.SO 
1.43 


1.32 
1.42 
1.50 


l.SO 

1.43 
1.50 


1.60 
1.42 
1.30 


1.52 
1.42 
1.50 


1.52 
1.42 
1.50 


ggo:' '"" 


B»(NO.), 

MgSO. 
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Section 42. — Change of Conductance with Concentration. 10$ 

It wa5 shown in table 11, section 17, Part II, that the value of n for 
sodium and potassium chlorides lies between 1.10 and 1.50 at all tempera- 
tures, and it will be seen from this table that the same is true also for the 
tri-ionic salts, potassium sulphate and barium nitrate. This striking fact, 
which is in utter contrast with the requirements of the mass-action law, 
according to which the exponent should have the very different values 2 
and 3 for these different types of salts does not seem to have been suffi- 
ciently considered in the discussion of the possible causes of the devia- 
tions. It is worthy of note also that the exponent has about the same value 
for the tini-univalent salt silver nitrate, which is very different chemically 
from the alkali-element chlorides, and that this is also true even for the 
bibtvalent di-ionic salt magnesium sulphate at 18°. For the last salt we 
have not calculated the exponent at higher temperatures, owing to the 
large hydrolysis which doubtless exists. 

Attention may also be called to the constancy throughout the whole 
range of temperature of the exponent n for each individual salt. This 
seems to indicate that even at the hig^iest temperature the hydrolysis has 
not in any case become considerable. It should be mentioned, however, 
that in the case of potassium sulphate it was not possible to determine the 
value of the exponent nearer than 0.05 unit, owing to the fact that this 
salt, unlike the others, does not seem to conform completely to any expo- 
nential function of the type in question. 



The effect of temperature on the equivalent conductance values at zero 
concentration (the A, values) will be mainly considered in this section. 
Attention may first be called to the ratios given in table 25 of the Ag values 
for silver nitrate, potassium sulphate, and barium nitrate to those for 
potassium chloride. 

Tabu 2S. — Ratio of A, wduea to those for potassium chloride. 



9*l>«>ii«. 


IB». 


lOO". 


iStP. 


218°. 


281". 


306P. 


^;i~=. 


0.89 
1.02 
O.M 


0.89 
1.10 
0.93 


0.91 
1.14 

0.9S 


0.9S 
1.38 

i.oe 


0.99 
1.45 
1.11 


0.9S 
l.M 
1.16 



It will be seen that with rising temperature the conductance of silver 
nitrate, like that of sodium chloride (see section 18, Part II), approaches 
the conductance of potassium chloride, thus furnishing another exempli- 
fication of the principle that the ratio of the specific velocities of the vari- 
ous ions approaches unity with rising temperature. 
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In the cases of the two tri-ionic salts the apparently abnormal phenom- 
enon is observed that their equivalent conductance, though about equal to 
or less than that of potassium chloride at 18°, becomes much larger than it 
at the higher temperatures. The very large values of the ratios at S81* and 
306", especially for potassium sulphate, can not be caused by hydrolysis ; 
for this would have an opposite effect, owing to the smaller equivalent 
conductance of the univalent icois thereby produced (for example, of the 
OH- + HSO," ions which would replace the SO^" ion) : and at the lower 
temperatures (218' and below) appreciable hydrolysis does not exist, since 
the acids and bases involved have been shown by the measurements of 
Noyes and Eastman (section 97, Part VIII) to be too much ionized to 
admit of it. The real peculiarity in the results does not, however, con- 
sul in the large value of the ratio at the higher temperatures, but rather 
in the ai^roximation of tt to unity at the lower ones; for, since a 
bivalent ion, like Ba^ or SO' , is in the same electric field, owing to 
its double charge, acted on by twice as large a force as a univalent ion, 
it would, provided it met with the same resistance, move with twice the 
velocity, and therefore have twice the equivalent conductance. The equiv- 
alent conductance of a completely ionized uni-bivalent salt would therefore 
approach 1.6 times that of a unt-untvalent salt if the specific velocities of 
the various ions (that is, the velocities under unit electric force) 
approached equality. An approximation to this limiting value seems to be 
indicated in the case of potassium sulphate, and a change in the same 
direction is clearly shown by barium nitrate. That the equivalent conduct- 
ances of the bivalent ions are so small at ordinary temperatures signifies, 
of course, a high resistance to their passage through the solution. This 
may arise from their being much hydrated; and the lai^ increase in 
velocity with rising temperature may be due to a decrease in tiie hydration. 

In order to show more clearly the relation between equivalent conduct- 
ance and temperature for the individual substances, we have calculated 
the values of AAg/AJ for the successive temperature intervals, and tabu- 
lated them in table 26, together with those for potassium and sodium 
chlorides already given in section 18, Part II. 





IB-lOtP. 


1<»-1S6°. 


1S6-«8P. 


IlS-281', 


281-30^. 




3.« 
3.09 
3.06 
3.93 
3.27 


3.77 
3.44 
8.02 
4.64 
3.S4 


3.23 
3.31 
3.89 
5.64 
8.87 


z.ae 

8.S3 
2.94 
S.27 
4.44 




NaCl 


4.40 1 
4.00 1 


Ba(NO.), 


7.20 
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Section 43. — Change of ConductOHce with Temperature. loy 

It will be seen that silver nitrate has temperature-coefficients which run 
parallel to those for potassium and sodium chlorides, and which, like the 
latter, pass through a maximum value somewhere in the neighborhood of 
196°. The coefficients of potassium sulphate and barium nitrate, on the 
other hand, differ greatly from each other, and increase continuously with 
rising temperature. 

With reference to the equivalent conductance values at the higher con- 
centrations, mention need be made only of the fact that as shown in table 
32, those for 80-milli-normal solutions have a maximum value at 281' in 
the case of silver nitrate, at 218° in the cases of potassium sulphate and 
barium nitrate, and at 100° in that of magnesium sulphate. This is, of 
course, due to a compensation of the effect of increasing migration-velocity 
by that of decreasing ionization. 

44. lONIZATlON-VALUES AND THEIR CHANGE WITH THE 
CONCENTRATlcm AND TEMPERATURE. 

In table 27 are given the ratios (multiplied by 100) of the conductances 
at the various concentrations to that at zero concentration at each tempera- 
ture. These ratios are at least an approximate measure of the percentage 
ionization of the substances, in those cases where the hydrolysis is not 
large and complex or intermediate ions are not formed, and provided the 
conductances at zero concentration can be regarded as correct It is not 
probable that the hydrolysis is large enough at the higher concentrations 
to seriously vitiate this interpretation of the results, except in the case of 
magnesium sulphate at 100° and above. No definite information is avail- 
able in regard to the existence at the higher temperatures of intermediate 
ions like KSO/ and BaNO,* ; but the facts that transference determina- 
tions* have shown their absence in any considerable quantity at ordinary 
temperatures and that the functional relation between concentration and 
conductivity is identical at all temperatures (as was shown in section 42) 
make it probable that such ions do not exist in large quantity at the higher 
temperatures. Aside from these uncertainties in the interpretation of the 
conductivities at the higher concentrations, there is the possibility of con- 
siderable inaccuracy in some of the values adopted for zero concentra- 
tion. This possibility exists especially in the case of magnesium sul- 
phate at 100° and above, for which the Ao values were derived from tliose 
for potassium sulphate and barium nitrate under the assumption that the 
magnesium and barium ions have equal migration-velocities. It may also 
exist to some extent in the case of potassium sulphate and barium nitrate 

•See Noyea, Z. phys. Chem., 36, 79 (1901). 
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at 281° and 306°, owing to the possible effect of hydrolysis. The ioniza- 
tion-values for magnesium sulphate at 100°, 166°, and 218° are therefore 
to be regarded only as rough estimates, and those for potassium sulphate 
and barium nitrate at S81° and 306° as possibly in error by several per cent 



Table Z7.—The conductance ratio (100 A/A.) and approximate 




percentag 


ionitalioH. 






.nN-««. 


CsHCtD- 


18°. 


lOtf". 


1SS». 


W8°. 


m°. 


306°. 


SUver nitrate 





100.0 


100.0 


100.0 


100.0 1 


w.o 


100.0 




2.0 


96.9 


98.2 


94.6 


93 


2 


w.g 


87.7 




10.0 


93.3 


91.8 


88.8 


86 


3 


1.6 


76.8 




20.0 


90.8 


88.7 


85.9 


81 


9 








40.0 


87.5 


64.9 


81.2 


76 


8 


0.5 


esls 




80.0 


83.3 


80.2 


75.8 


70 


8 


3.7 


56.7 




100.0 


81.7 


78.8 














2.0 


94.0 


88.4 


85 


76 


1 


60 


snlphftte 


10.0 


87.2 


80.3 


75 


03 


7 


37 




40.0 


78.5 


70.3 


64 


SI 


16 


27 




BO.O 


73.2 


64.8 


58 


45 


1 


23 




100.0 


71.6 


62.3 










BBjinm nltnte 


2.0 


93.8 


91.4 


89 


85 




63 




10.0 


66.7 


83.6 


SO 


74 


9 


47 




40.0 


76.2 


72.7 


69 


60 


5 


34 




80.0 


70. i 


66.9 


«2 


53 


8 






100.0 


67.0 


64.7 










M^rnedmn 


2.0 


82.6 


70.8 


S5 


24 






flalpl»t« 


10.0 


66.7 


52.4 


35 


13 








ao.o 


58.2 


44.6 


28 


10 








40.0 


S2.D 


37.5 


23 


8 








80.0 


4S.5 


31.0 


10 


7 








100.0 


43.7 


30.4 











With respect to the change of ionization with the concentration at any 
definite temperature, it will suffice to recall that the functional relation 
must be of a corresponding form to that between equivalent conductance 
and concentration, which was discussed in section 42, and again to empha- 
size the remarkable fact that the exponent in that function has nearly the 
same value for di-ionic and tri-ionic salts, and a value, moreover, which 
does not vary markedly with the temperature. Thus for the five substances, 
potassium chloride, sodium chloride, silver nitrate, potassium sulphate, and 
barium nitrate, at all temperatures between 18° and 306° inclusive, the 
ionization (y) can be expressed by an equation C(l — y) =const. X 
(Cy)", in which n has values varying only between 1.40 and 1.52. 

Assuming that the conductance-ratio may be regarded as at least an 
approximate measure of the ionization, certain conclusions in regard to 
the relation of the latter to temperature may be drawn from the results of 
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table 27 considered in connection with those of potassium and sodium 
chlorides given in table 12 of section 19, Part II. To make these more 
evident we have brought together in table 28 the values of the percentage 
ionization as given by the ratio lOOA/Ag for all these substances at a 
concentration of 0.08 normal. 

Table ^.—Percentage ionuatiom (IOOy) at 0X>8 normal 



*-.... 


18°. 


vxf. 


1SS». 


UtP. 


TO.'. 


306°. 




85.7 
87.3 
83.3 
73.2 
70-1 
45.5 


83.2 
82.e 
80.2 
S4.8 
M.O 
32 


81.2 

79.7 

75.8 

58 

62 

IS 


77.7 
77.3 
70.8 
45 
53 
7 


TO 
72 
64 
31 
38 


63 
64 
57 
23 
(28) 
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It will be seen from this table that the ionization of the three di-ionic 
salts, sodium and potassium chlorides and silver nitrate, different as they 
are chemically, have not very far from the same ionization values through- 
out the whole range of temperature. The same is true of the two tri- 
ionic salts, potassium sulphate and barium nitrate. Thus tiie rule already 
deduced from the ionization values at ordinary temperatures that salts 
of the same ionic type have roughly the same degree of ionization also 
applies at high tempeiatures. 

The principle that the ionization of salts at any definite concentration 
is smaller, the greater the product of the valences of the constituent 
ions, is an even more pronounced one at the higher temperatures. Thus 
at 218° the ionization of the uni-univalent salts in 0.08 normal solution 
is on the average 71 per cent, that of the unibtvalent salts about 50 per 
cent, and that of the single bibivalent salt investigated only 7 per cent. 

Most striking of all is the fact that the still more definite principle that 
the tm-ionized fraction is directly proportional to the product of the 
valences of the tons* still holds true approximately when that fraction has 
become very large as it has at the higher temperatures. Table 39 shows 
under A the mean values of 100(1 — y) at 0.01 molal (and for the uni- 
univalent salts at 0.08 molal), and under B the ratios of these values to the 
product (v,>,) of the valences, for the salts of the three types included in 
table 28. 

*In regard to this, see A. A. Nc^es, The Physical Properties of Aqueous Salt 
Solutions in Relation to the Ionic Theory, Congress of Arts and Science, St Louis 
Exposition, 4, 320 (1904); Technology Quarterly, 17, 303 (1904); abstracted in 
Z. phys. Oiem., 52, 634 (IMS). 
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Table 20. — Un-ionited fraction m relation to valtnee-prodtut. 



K.V, 


Moll r« 


1B». 


lOtf". 1 1S«'. 


itf-. 


J8I=. 


306°. 


A 


B 


A 


B 


A 


B 


A 


B 


A 


B 


A 


B 


ixl 

111 

1x2 

2x2 


0.04 
0.08 
0.01 
0.04 


12 
15 

2S 
59 


12 
15 
14 
14 


15 
18 
34 
08 


15 
18 
17 
17 


17 

21 
40 
81 


17 
21 
20 
20 


20 
29 
61 
93 


20 
29 
29 
23 


25 
31 
6S 


2S 
31 
32 


31 
30 
74 


31 
30 
37 



It will be seen that the principle continues to hold, especially when the 
comparison is made at the same equivalent concentration, even when the 
ionization has become very small ; thus it is only 26 per cent for the uni- 
bivalent salts at 306' and only 7 per cent for the bibivalent salt (magne- 
sium sulphate) at 218°. 

In correspondence with this principle, the rate of decrease of ionization 
with rising temperature for the individual substances is greater for the 
unibtvalent than for the uni-univalent salts, and is still greater for the 
bibivalent salt magnesium sulphate. Moreover, the rate of decrease of 
ionization per degree increases rapidly with rising temperature, especially 
above 100". The following values of ( — 10*4y/A0 . which represent the 
absolute decrease in percentage ionization produced by a rise in tempera- 
ture of 10°, illustrate these statements. 

Tabu ^O.—Temptrature'CoeScienH of toniiation (—10*^y/M). 



B.bMHH. 


ig'-vxf. 


100^156=. 


IS6°-Z18". 


iitp-m". 


28l°-306°. 




0.30 
0.57 
0.3S 
1.09 
0.3B 


0.3« 
0.92 
0.T8 

1.3 
0.9 


0.56 
0.3B 
0.81 
2.1 
1.5 


1.30 
0.86 
1.19 
2.2 
2.4 


2.6 
3.1 

2.8 
3.2 




^^^::::-v: 

B.(NO.),...... 



45. SUMMARY. 

In this article have been presented (in table 22, section 41) values for 
the equivalent conductance of silver nitrate, potassium sulphate, and 
barium nitrate at six different temperatures lying between 18° and 306° 
and at concentrations between 0.002 and 0.08 or 0.1 normal. Similar values 
are given for magnesium sulphate up to still higher concentrations for 
four different temperatures extending up to 218°. From these by graphic 
extrapolation have been derived equivalent conductance values for zero 
concentration, which are proportional to the migration-velocities of the 
constituent ions. The ratios of the conductance at the various concen- 
trations to that at zero concentration, which ratios represent approximately 
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the degree of ionization, have been calculated (see table 27, section 44). 
Specific volume data for the more concentrated solutions have also been 
presented (in table 18, section 38). 

A study of these data has led to the following conclusions : 

(1) At all temperatures the equivalent conductance (A) and ioniza- 
tion (y) of the two tri-ionic salts, potassium sulphate and bariun] nitrate, 
vary with the concentration according to approximately the same law 
as do those of silver nitrate and of the other two di-ionic salts, potas- 
sium and sodium chlorides, previously investigated. For, in the case 
of all these five salts, in order that functional relations of the form 
C{A<, — A) = const X(CA)" or C{1 —t)= const X(Cy)" may express 
the results, values varying only between 1.40 and 1.52 must be assigned to 
the exponent «, while according to the mass action law its value should 
he 2 for di-ionic and 3 for tri-ionic salts. 

(2) The principle that the relative velocities of different ions acted 
upon by the same electric force approach equality with rising temperature 
is strikingly exemplified in the case of the bivalent SO," and Ba** ions. 
Since bivalent ions owing to their double charge are acted upon by twice 
the electric force when in the same electric field, their equivalent con- 
ductance would become twice as great as that of univalent ions when 
the resistance to their motion through the solution was the same; and 
in this case the equivalent conductance of a conpletely ionized salt con- 
sisting of a univalent and a bivalent ion would become 1.6 times that of 
a uni-univalent salt. Now, our results show that at 18° the salts potas- 
sium suphate and barium nitrate have equivalent conductances at zero 
concentration which are 1.08 and 0.90 times respectively that of potas- 
sium chloride, but that at 306' the corresponding ratios are 1.64 and 1.16. 

(3) The ionization values at all temperatures for silver nitrate agree 
within a few per cent with those previously derived (in Part II) for 
sodium and potassium chlorides; and the values for potassium sulphate 
and barium nitrate also agree with each other within a few per cent; 
thus confirming at high temperatures and for relatively small ionization the 
rule that most salts of the same ionic type have roughly the same degree 
of ionization. 

(4) The ionization of all the salts investigated decreases steadily with 
rising temperature, the decrease being more rapid the higher the tem- 
perature and the greater the valences of the ions of the salt. Even where 
the ionization has become small, as it has at the higher temperatures, the 
simple principle still holds true approximately that the fraction of the 
salt un-ionizcd is pr(^>ortional to the product of the valences of its ions. 
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Part V. 

Conductivity and Ionization of Hydrochloric Acid, 

Acetic Acid, and Sodium Acetate up to 218°. 

Hydrolysis of Sodium Acetate and 

Ionization of Water at 218°. 

By Arthur A. Noybs and Hbrmon C. Cooper. 
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Part V. 

CONDUCTIVITY AND IONIZATION OF HYDROCHLORIC ACID, ACETIC 

ACID. AND SODIUM ACETATE UP TO 218^ HYDROLYSIS OF 

SODIUM ACETATE AND IONIZATION OF WATER AT 218°. 

46. OUTLINE OF THE INVESTIGAT1CW4. 

In Parts II and III of this publication an apparatus and method have 
been described by which accurate measurements of the electrical conduct- 
ance of aqueous solutions can be extended up to 306° or higher. This 
has made it possible to investigate at high temperatures such other 
physical properties and chemical reactions, as can be studied with the 
help of conductivity measurements. One of the most interesting of these 
is the phenomenon of the hydrolysis of salts into free acid and base — a 
phenomenon which is dependent in large measure on the degree of ioniza- 
tion of water itself, and from which, when supplemented by determina- 
tions of the ionization of the add and base involved, this important quan- 
tity can be computed. Owing to the fact that the ionization of water in- 
creases very rapidly with rising temperature while the ionization of most 
weak acids and bases decreases, the hydrolysis of salts plays at high 
temperatures a much more prominent part than at ordinary ones and its 
effect must be taken into consideration even in the case of salts which 
at the ordinary temperature are not appreciably hydrolyzed. We have 
therefore undertaken an investigation in this direction. 

The method employed for determining the hydrolysis is in principle 
that described first by Walker,* and later, in much more exact form by 
Bredig.f It consists in measuring the decrease of conductivity produced 
by adding to the salt solution, in which the salt is partially hydrolyzed, a 
sufficient quantity of the slightly ionized add (or base) to reduce the 
degree of hydrolysis substantially to zero and in computing from this 
decrease and the previously determined difference in the mobility of the 
hydroxy! (or hydrogen) ion and the anion (or cathion) of the salt the 
fraction of the salt hydrolyzed. Thus, in the case of sodium acetate, the 
conductivity of this salt in its ordinary condition was first measured ; then 
that of a solution of the salt of the same concentration containing also a 
considerable proportion of free acetic acid (which was varied in different 
experiments) was determined. The observed difference (after applying 
a small correction for the conductivity of the added acid in the presence 

*Ztschr. phys. Chan., 4, 333 (1889). fZtscbr. phys. Chem., 13, 214, 331 (1894). 
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of its neutral salt) evidently corresponds to the difference between the 
conductivity of the sodium hydroxide that exists free in the original solu- 
tion and that of an equivalent quantity of sodium acetate. From the so- 
derived degree of hydrolysis and the ionization-constant of the acetic 
acid, the ionization-constant of water itself can be calculated with the 
help of the mass-action law, as has been shown by Arrhenius.* 

The determination of the hydrolysis of the single salt, sodium acetate, 
and the calculation from it of the ionization of water at any temperature 
involves, therefore, conductivity measurements of solutions at various 
concentrations of Uie following substances: (1) sodium acetate alone; 
{%) sodium acetate mixed with acetic acid (preferably in varying pro- 
portions) ; (3) acetic acid; (4) hydrochloric acid; (5) sodium chloride 
in very dilute solution (the last two being necessary in order to compute 
the conductivity of completely ionized acetic acid according to the rela- 
tion A,(H4o) = A,<M^o + A,<Boi) — Ao<mci); and (6) sodium hydroxide 
in dilute solution. These measurements, except those with sodium hy- 
droxide, have been made at a series of four temperatures, 18', 100", 156°, 
and 818°, by one of us ( H. C. Cooper ), those with sodium chloride at 
218' being, in part, however, a repetition of the earlier ones of Noyes and 
Cooli^^e. Measurements with sodium hydroxide at the same tempera- 
tures have been made in this laboratory by Mr. Yi^oro Kato ; and these 
will be described in Part VI. All the data necessary for the calculations 
are therefore available. 

Since the measurements with hydrochloric acid and acetic acid are the 
first ones made with acids at high temperatures, and since those with 
sodium acetate make possible a comparison of tlie behavior of this or- 
ganic salt with that of the inorganic salts previously investigated, the re- 
sults have a considerable interest of their own ; and a large part of this 
article is devoted to the presentation and discussion of them. 

Before considering these results, however, the apparatus and method 
used for the conductivity measurements and the preparation and stand- 
ardization of the solutions must be described ; and to this description the 
next two sections will be devoted. 

47. APPARATUS AND METHOD OF PROCEDURE. 

The apparatus used was substantially the same as that employed in the 
previous investigation of Noyes and Coolidge. (See Part II.) Only 
the small modifications made in it will be here described in detail. 
THE CONDUCTIVITY CELL, OR BOMB. 

The bomb itself was the same one that was used by these investigators. 
It was used without any modification in the first experiments. Somewhat 

•Ztschr. phyj. Chem., 8, 17 (1890). 
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later, in attempting to make measurements with dilute sodium acetate and 
hydrochloric acid at 318°, difficulty was met with in obtaining constant 
readings, apparently owing to adsorption by the lower electrode. The 
platinum-black was therefore removed from it (on April 4, 1904) by rub- 
bing it with cotton and moist pimiice. Later (on June 85, 1904), in order 
to diminish any contaminating influence of the electrode or quartz cup 
exerted upon the small quantity of liquid within the cup, the cup and the flat 
electrode within it were removed and replaced by a cylindrical electrode 
of an indium-platinum alloy with 15 per cent iridium and an insulating 
cylinder of quartz.* This electrode was 9.7 nun. high and 7.2 mm. in 
diameter. 

It was not found necessary to renew any of the parts of the homb 
throughout the course of the work ; and very little difficulty was experi- 
enced from leaks, which occurred only a few times and were then easily 
remedied. 

THE CONDUCTIVITY UEASURING APPARATUS. 

The conductivity vr&s measured with an apparatus of the roller type 
described by Koblrausch and Holbomf and furnished by Hartmann and 
Braun. The resistance coils of 1, 10, 100, 1,000, 10,000 ohms were of 
manganine. Heavy copper wire leads were used to within a few cm. of the 
slide wire and the heaters, the end connections being made of heavy flexi- 
ble leads with brass connectors joining them to the slide wire and to the 
leads attached to the bomb. The entire lead resistance amounted to only 
0.08 ohm. 

The slide-wire was calibrated by the method of Strouhal and Bams, 
once just before the conductivity work was begun and again on June 1, 
1904, the difference in the two cases, as well as the maximimi error, being 
very slight. The corrections were, however, applied to the conductivity 
measurements. The resistance coils were compared with standard resist- 
ances, certified by the Deutsche phys.-technische Reichsanstalt. 

INDUCTION COILS. 

Two induction coils were used; at first a small one of the ordinary form 
was en^iloyed, and afterwards, in order to reduce the effect of ejection of 
material from the electrodes, a Nemst^ string interrupter was used. The 
quality of the minimum afforded by this latter interrupter was satisfactory 
even with bright electrodes. In the case of all the measurements except 
those with sodium chloride, a commutatii^ switch was introduced between 
die induction coil and the bridge, and the mean of the two readings taken. 
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The conductivity measurements were made at 18° and approximately 
100°, 156°, and 218*. The first of these temperatures was secured with 
a bath of Hquid xylene contained in a well-jacketed metal cylinder. The 
temperature was regulated by the observer, the bath being heated elec- 
trically by means of a resistance coil and cooled by a coil of lead pipe, 
through which cold water was passed. The bath was constantly stirred by 
a propeller. The temperature could be maintained constant to within 
0.01°. 

The 100° heater was a double-walled copper cylinder heated by steam, 
similar to that described in section 32, Part IV. 

The 156" and 818* baths were of the form described in the article by 
Noyes and Coolidge.* Brombenzene and naphthalene were used as boiling 
substances, the latter substance proving very satisfactory throughout 
The temperature of the brombenzene bath remained constant through sev- 
eral successive heatings, but in time a slight decomposition necessitated 
the substitution of fresh liquid. The same shielding devices for securing 
uniform temperature were employed as in the previous work. 

THERMOUETERS. 

Three different thermometers were used in the work — a 0-60° ther- 
mometer, reading directly to tenths, for the 18° bath, an ordinary Beck- 
mann style thermometer for the 100° bath, a French mercurial 360' 
thermometer made by Alvergniat, No. 65650, for the two vapor baths. 
The 18* point of the first thermometer was determined by comparison with 
a standard Baudin thermometer. The steam point of the Beckmann ther- 
mometer was determined each time by introducing the thermometer into a 
boiling-point testing apparatus of the Regnault type immediately before or 
after each 100° measurement. The Alvergniat 360' thermometer was 
similarly calibrated for the 218' point at frequent intervals by immersion 
in a vapor bath of specially purified naphthalene of the type recommended 
by Crafts.f For the 156' point the bore was calibrated by the method rec- 
ommended by Crafts and the value of the scale unit was determined from 
the interval between the steam and naphthalene points. The temperatures 
lying between the fixed points were reduced to the gas scale by using 
Crafts' table of corrections for French glass, our thermometer being of the 
same make as those used by him. For the boiling point of naphthalene, 
however, the result more recently obtained by Jaquerod and Wassmer % 
was adopted. 

•Section 3, Part II. 

J Am. Chem. J., 5, 307-338 (ISB3-S4). 
J. chim. phya., 2, 73 (190*). 
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METHOD OF PROCEDUKE. 

The procedure was substantially the same as that described by Noyes 
and Coolidge.* In the case of solutions which were liable to adsorption 
by the platinum, this effect was largely avoided by allowing the solution 
to remain in the bomb between the experiments (usually over night) and 
rinsing the bomb with solution only before introducing a fresh portion 
for a new experiment. In passing to a diluter solution, the bomb was first 
steamed out at 318* with the diluter solution instead of with water. 

In the experiments with a platinized lower electrode, the air pressure 
within the t>omb was reduced at the start to Z cm. of mercury. In sub- 
sequent experiments with unplatinized electrodes, the measurement at 18° 
was made under atmospheric pressure and then the pressure was reduced 
to about 10 cm, of mercury before going on to the higher temperatures. 

For each measurement of resistance, three different box resistances 
were used, generally in the order 100, 110, 111. These series of read- 
ings were made at 5-minute intervals, and the bomb was kept in the bath 
until three or more successive series of readings showed no pK^essive 
change. 

In the case of all the solutions which showed any variation in the read- 
ing, the bomb was removed from the bath, shaken, and returned as quickly 
as possible, in order to determine whether there was any change in the 
solution around the electrode. 

46. REPARATION <X THE SUBSTANCES AND SOLUTlC»4S. 

For the preparation of sodium chloride, pure commercial salt was twice 
reprecipitated from saturated solution with hydrochloric acid, filtered, 
washed, and ignited. Tests for potassium and for sulphate gave negative 
results. For potassium chloride, a Kahlbaum preparation was purified by 
reprecipitation from saturated solution in best water by pure hydrochloric 
acid and subsequent washing and ignition. A flame test showed no so- 
dium. 

The potassium chloride and sodium chloride solutions, except the 0.0005 
normal sodium chloride solution, were prepared by weighing out a proper 
quantity of freshly ignited salt (corrected for the buoyancy of the air) 
and dissolving it in water in a graduated S,000 or 500 ccm. flask at 21°, 
the flask being so calibrated as to contain S,000 or 500 grams of water at 
that temperature. The 0.0005 normal sodium chloride solution was made 
by diluting a 0.002 normal solution by means of a 500 ccm. and a 2,000 
ccm. flask. 

Hydrochloric acid was prepared by heating sodium chloride of the same 

•Section 6, Part II. 
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quality as was used for preparing the sodium chloride solutions with sul- 
phuric acid and absorbing the hydrochloric acid gas in pure water, after 
washing it by passing it through a bottle containing a little water. With 
the help of a specific gravity detennination, two liters of approximately 0.1 
normal hydrochloric acid were prepared (January 9, 1904) by dilution 
with pure water. The concentration of this 0,1 normal hydrochloric acid 
solution was determined by precipitating with silver nitrate and takit^ 
the mean of three analyses. One gram of solution was found to give 
0,014519 gm, AgCl (a, d.,* 0.07 per cent). Some of the measurements 
(with tenth normal HQ) were made with a solution diluted irom a hydro- 
chloric acid solution carefully and independently prepared by Mr. Y. Kate, 
One gram of this latter solution gave 0.019675 gm, AgO (a. d., 0,03 per 
cent). 

For the preparation of pure sodium acetate, about 500 grams of a Kahl- 
baum sample were crystallized from water, after the salt had been tested 
with negative results for potassium and the common acids. The salt was 
partially dried with filter paper. An approximately tenth-normal solution 
was prepared (March 10, 1904) and analyzed by evaporating it with hy- 
drochloric acid in a platinum dish, and gently igniting and weighing the 
residue of sodium chloride. One gram of solution gave on the average, 
0.005733 gm, NaO (o. d., 0,09 per cent). A second solution was similarly 
prepared June 6, 1904, and analyzed three times, twice immediately after 
its preparation and again on August 1, 1904. One g^am of solution gave 
(1) 0.005588 gm. (2) 0.005592 gm. (3) 0.005601 gm. NaCI or as the aver- 
age 0.005594 gm. (a, rf., 0.08 per cent). 

For acetic acid some Kahlbaum "Eisessig" was subjected three times 
to fractional freezing in a specially devised apparatus, care being taken to 
ejjclude moisture. The liquid obtained was then rectified by distillation, 
about one-tenth being rejected. Vrtxa the purified substance an approxi- 
mately tenth-normal acetic add was prepared (on May 12, 1904). Quali- 
tative tests for sulphate and chloride gave negative results. The solution 
was then standardized against a barium hydroxide solution whose strength 
was determined by titration against two solutions of hydrochloric acid 
which had been independently standardized by precipitating with silver 
nitrate and weighing the silver chloride. One gram of solution was found 
to contain 0,006106 gm. acetic acid (C,H,0,) by titration with one of the 
solutions and 0.006097 gm. by titration with the other, or, as a mean, 
0.006101 gm. acetic acid. 

The more dilute solutions of hydrochloric acid, sodium acetate and ace- 
tic acid were prepared by weighing out a definite amount of the stock solu- 

*a. d. signifies the average deviation of the separate values from the mean. 
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tion and either diluting to the mark in a graduated flask or adding a 
known weight of water. 

The water used in the preparation of the stock solution had a specific 
conductance of less than 1.1 X 10"*- That used for preparing the 
more dilute solutions had in almost all cases a specific conductance of 
0.7S-0.95X1(H- 

49. SYSTEMATIC ERRORS AND TTCIR ELIMINATION. 

The possible errors affecting the conductivity values and their elimina- 
tion or correction have been fully discussed in section 10, Part II. It is 
therefore necessary only to refer to a few modifications of the corrections 
applied and to some new difficulties met with in the experiments. 

VOLATILIZATION OF SOLVENT. 

The correction for the quantity of solvent in the vapor-space in the 
bomb was applied in the case of the non-volatile solutes as before, it being 
calculated from the known volume of the vapor in the bomb and its 
specific volume interpolated or extrapolated from the data of Zeuner* 
which extend up to 200*. The correction requires an increase of the con- 
centration of 0.01 per cent at 100% 0.03 per cent at 156% and 0.02 per cent 
at £18° in the case of our experiments. Althou^ certainly less than the 
other errors it was always applied at 156° but not at the other tempera- 
tures. 

VOLATIUZATION OF SOLUTE. 

In the case of the acetic and hydrochloric acid solutions the correction 
for the vapor-space should also take Into account the possible volatility 
of these solutes. In these cases the total correction for volatilized solvent 
and solute was experimentally determined at 218° by varying the quantity 
of solution placed in the bomb and measuring the conductances. From 
the variations of these with the known variations of vapor-space the cor- 
rection for the vapor-space existing in the ordinary measurements could be 
readily calculated. Thus, for three different volumes of a 0.01017 nor- 
mal acetic acid placed in the bomb, the vapor-spaces and conductances at 
218' were as follows: 



It is evident that since 21 ccm. of vapor-space cause an increase in the 
conductance of 0.27 per cent, that produced by the 1.6 ccm. usually pres- 
ent would be about 0.02 per cent, which is the magnitude of the correction 

•Landok-Bonistein-Meyerhoffer, Tabellen, p. 187 (1W5). 
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for th« solvent alone, indicating that this solute does not volatilize appre- 
ciably. The same result was obtained with hydrochloric acid. 

CONDUCTANCE OF THE WATER. 

A correction was applied in the case of the two salts (but not in that of 
the two adds) for the conductance of the impurities in the water. This 
will be fully described in section 51, in connection with the data upon 
which it is based. 

INCONSTANT BRIDGE READINGS. 

No Special trouble was encountered in the sodium chloride measure- 
ments. It was observed, however, in working with the diluter hydro- 
chloric acid solutions that the bridge readings at 18°, and to a less extent 
at other temperatures, shifted rapidly when the current was kept on, the 
displacement being generally in the direction of increasing conductivity. 
The shifting reached a limit in about three minutes, but on discontinuing 
the current for a minute or two the reading returned to approximately its 
original value. It was considered likely that this was due to the ejection 
by the alternating current of solute which had been adsorbed by the lower 
electrode. It was not permissible to adopt the final reading, since the ef- 
fect of ejection would be to concentrate the solution within the cup ; and 
the initial reading could not be accurately determined. It was found that 
the shifting of the reading was greater, the louder the tone of the induction 
coil. A Nemst string interrupter, with low vibration frequency, was there- 
fore substituted for the ordinary induction coil. The total shifting with the 
string interrupter was much less, and it took place so slowly that no diffi- 
culty was experienced in making a satisfactory reading. Except at the 
highest resistances measured the minimum with this interrupter was very 
good. 

In working with the sodium acetate and the 0.0005 normal hydrochloric 
acid solution great difficulty was experienced, when either induction coil 
was employed, in securing constant readings at 818°, Cell i (see section 
50) being then in use. Even after sufllicient time had elapsed for the bomb 
to acquire the temperature of the bath, successive readings made during a 
half hour exhibited an irregular, somewhat oscillatory shifting through 
several centimeters on the bridge in the direction of decreased conduc- 
tivity. If instead of reducing the pressure in the air space originally to 2 
cm. of mercury as had been the practice, the air was allowed to remain in 
the bomb, the direction of shifting was reversed, these tests being made 
with a 0.01 normal sodium acetate solution. It was not possible to find 
an intermediate pressure which afforded constant readings. The effect of 
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removing and shaking the bomb in the usual manner was to cause [KiTtial 
reversion towards the original reading, but not to prevent the recurrence 
of shifting. To see whether the shifting was due to uneven temperature 
some experiments were made, such as altering the level of the vapor in 
the bath and the manner of shielding, but with negative results. The 
removal of the platinum-black from the electrode almost entirely obviated 
this trouble, however, for the subsequent bridge- readings with sodium 
acetate and dilute hydrochloric acid at 818° were constant to within 0.2 to 
0.3 mm. for a sufficient period. The pressure was reduced to 3 cm. pre- 
vious to these measurements, as before. The change in reading was ap- 
parently due either to formation of bubbles on the electrode, or to an ad- 
sorption effect, but its cause could not be fully determined. 

The use of a polished lower electrode (in Cell 11) gave rise, however, 
to a similar difficulty under other conditions, namely, to a shifting of the 
bridge-reading in the direction of decreased conductance at 18° and to a 
less extent at higher temperatures. This was found to be due to the 
formation of bubbles and was obviated at 18° by postponing evacuation of 
the air space in the bomb till after the measurement at that temperature 
had been made. As a similar effect was observed to some extent at 100° 
and 156°, the air pressure was thereafter reduced only to about 12 cm. 
before the measurements at the three higher temperatures. The subse- 
quent measurements proceeded satisfactorily, the same method being fol- 
lowed also after the introduction of the cylindrical electrode (Cell iii). 
The air pressure that obtains in the bomb at 318°, for the usual volume 
of liquid, after a reduction of the pressure to 12 cm. at 18°, is only about 
two atmospheres, which does not affect the conductance to a considerable 
extent. 

In order to diminish the adsorption, the rinsing of the bomb with water 
was omitted in the case of hydrochloric acid, acetic acid, and sodium ace- 
tate, and a portion of the solution to be measured was left in the cell for 
some hours previous to the experiment, in order to thoroughly saturate 
the electrode, a new portion of the same solution being introduced just 
before the measurements were made. 

The experiments with sodium acetate were at first conducted with the 
quartz cup in the bomb. The readings with the solutions of it diluter than 
tenth-normal were not as constant as with other solutes. It was thought 
that the inconstancy might be due to a contamination of the solution by its 
attacking the quartz cup and a consequent concentration of the solution 
within the cup. This difficulty was apparently obviated (cell iii) by the in- 
troduction of the new form of electrode and quartz insulator as described 
in section 47. 
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INSTRUMENTAL ESSORS. 

In working with dilute solutions of hydrochloric acid it was found that 
commutating the current from the secondary coil gave a difference of 
reading of 0.1 — 0.4 nun. The coil was tested with known resistances 
and found to show an asymmetric reading only with the higher resistances, 
an error of 0.1 per cent or more being involved when the resistance ex- 
ceeded 5,000 ohms. This error was corrected for, however, by taking 
double commutated readings in all such cases and finding the mean. It 
was found that commutatii^ the telephone had no effect even with the 
highest resistances used. 

In the measurement of very high resistances (those above 10,000 ohms) 
the proximity of the induction coil to the bridge was found to have an 
influence on the reading, if the distance was less than 40 cm. Such prox- 
imity was therefore avoided. 

5a CONDUCTANCE-CAPAOTY OF THE APPARATUS. 

The conductance-capacity was calculated from measurements made in 
the bomb at 18° of the conductance of various known solutions of potas- 
sium chloride and sodium chloride and from the values of the equivalent 
conductance of these salts as given by Kohlrausch and Maltby.* 

In the course of the work three different values of the conductance- 
capacity were used, corresponding to the changes made in the lower elec- 
trode. In all the measurements made prior to April 4, 1904, the bomb 
was used as it was left by Noyes and Coolidge, in which form it will be 
designated cell i. On that date the platinizing was mechanically removed 
from the electrode, which caused a slight change in the capacity, the new 
value of which (cell ii) was used in connection with all measurements be- 
tween April 4, and June 25, 1904. The quartz cup was then removed from 
the bomb and a cylindrical electrode substituted for the flat one. The new 
conductance capacity (cell iii) then obtained is that used in calculating all 
the measurements made subsequently to June 35, 1904. 

The following table shows the actual conductance at 18° of the solutions 
diminished by that of the water, and the conductance-capacities calculated 
therefrom. The conductances expressed in reciprocal ohms are given in 
the table multiplied by 10'. The concentration is expressed in milli-equiv- 
alents per titer at 18°. The conductance-capacity is, as usual, the factor 
by which the observed conductance must be multiplied to give the specific 
conductance. Each of the measurements was made upon separate, freshly 
prepared solutions. 
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Tabu 31. — Conditeta»ee-capacity. — Data and filial values. 



Diu. 


oil 


Ml. 


CWUIIUI- 


CooJ-ci- 


CMiJEC»a«-u»ulir. 


•kii $t 18". 


'::iv:;' 


n>il TilaM. 


1903 
Not. 20 

19M 

Jan. 80 

Jml 21 

Jan. 22 

Jan. 22 

June U 

Jnne 11 

Jnne 11 

June 29 

Jmte 29 

Jnly 12 

July 12 

July 12 


I 
II 

ni 


Naa.... 

N»CI.... 
NaCl.... 

Ka 

NaCI.... 

KCl 

KCl 

NaCl.... 
Naa. . . . 

KCl 

KCl 

KCl 

KCl 


9.999 

9.995 
100.92 
99.77 
99.8fl 
9.990 
49.95 
9.992 
9.993 
9.990 
4.996 
S.002 
9.999 


1038.1 

1039.9 
9440 
11400 
9391 
1242.7 
5805 
1034.0 
6850 
8233 
4194 
4197 
8246 


0.9819 

0.9799 
0.9800 
0.9804 
0.9810 
0.9842 
0.9858 
0.96S1 
0.14860 
0.148S6 
0.14820 
0.14827 
0.I4S45 


o!9eo8 
oiiaio 

6! 14842 



The variation of these values of the conductance-capacity with the tem- 
perature was computed upon the basis and in the manner described in sec- 
tion 36, Part IV. The percentage corrections to be applied to them at the 
various temperatures are as follows : ^ „ „ 

^ ISHfi 156° 218° 



51. THE WATER CORRECTION. 
CONDUCTANCE OF THE WATEB. 

In order to determine the conductance of the impurities in the water 
under the conditions of the experiments, water having about the same con- 
ductance as that used in making up the solutions was placed in the bomb, 
which had been previously twice heated to 218' with fresh portions of 
conductivity water to remove adsorbed substance. The conductance was 
measured at 18° and the bomb was heated in each of the various baths for 
the length of time usual in the measurements, being finally broug^it back 
in the reverse order to 18'. Table 38 contains the results of two such 
experiments, which served as the basis for the water correction. 

In the case of the measurements with sodium chloride and sodium ace- 
tate (both with and without acetic acid added) the mean value here tabu- 
lated of the conductance of the water corresponding to the same stage 
of the experiment was subtracted from the measured conductance of the 
solution (except that in the few cases where the solutions were prepared 
from water having a specific conductance less than 0.7fi or greater than 
0.95 X 10"* these corrections were varied in the ratio of that conductance 
to 0.85 X 10"", which was the conductance of the water used in the two 
experiments before its introduction into the bomb). No correction for 
the impurities in the water was applied to the measured conductances of 
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the hydrochloric acid, since their effect is ordinarily to decrease by an in- 
definite amount the conductance of a solution of a strong acid rather than 
to increase it. In the case of acetic acid (and of sodium acetate with ace- 
tic acid added) the effect of the impurities would depend on their nature: 
bases (e. g., ammonium hydroxide) and salts (e. g., ammonium carbonate, 
sodium silicate) would increase the conductance of the solution by an 
amount equal to or greater than thetr own conductance, but very weak 
acids (for example, carbonic or silicic) owing to the reduction of their 
ionization would scarcely influence it at all. Since the water used was 
distilled from an alkaline solution (of permanganate) and was scarcely 
exposed to the atmosphere, it seems most probable that the impurities 
present are basic or saline ; and therefore that it is best to subtract the 
conductance of the water. It has seemed advisable, however, to apply 
this correction to the final rather than to the separate values, and to give 
for comparison both the corrected and uncorrected results. 

Tabu Xi.^Aetital conductance of Ike water. 







18°. 


100°. 


156°. 


218°. 


156°. 


lOOP. 


18°. 




1.059 
0.8M 


3.07 
3.11 


5.14 
5.45 


T.30 
T.3S 


e.oo 

6.03 


4.80 
4.28 


2.03 
1.67 


Mar. 12, 1904 


Mean 


O.JtSfl 


3.09 


5.30 


7.32 


9.07 


4.94 


1.89 


Spedllc condnctanM X IC 


0.937 


3.03 


5.18 


7.19 


9.84 


4.49 


1.82 



52. coNDUcnvmr data for sodium chlchude, hydrochloric 

AOD. ACETTIC AOD. AND SOEMUM ACETATE. 

The following table contains the direct results of the observations and 
the equivalent conductances computed from them. The first column gives 
the date of the experiment ; the second, the cell-number of the conductivity 
vessel; the third, the concentration at 4° in millt-equivalents per liter (the 
number of milli-equivalents being based upon the atomic weights referred 
to oxygen as 16.000 and the weights being reduced to vacuo) ; the 
fourth, the temperature on the hydrogen-gas scale at which the conduct- 
ance was measured; the fifth, the concentration at the temperature ot 
the measurement, calculated by dividit^ the concentration at 4* by the 
ratio of the specific volume of the solution at that temperature to its speci- 
fic volume at 4°*, and applying the correction at 156° for the vapor space ; 

*The ^ecijic-volume ratio at 100' and 196° was assumed to be identical with that 
for pure water. At 100° this value U 1.0432 according to Matthiesseti and Rosetti; 
at 196° it is 1.0976, interpolated graphically from Him's values [Ann. chiin. phys. 
(4), 10, 32 (1B67)] at 140.17°, 191.00*. and 160.6B° after correcting them to the pres- 
sures of saturated aqueous vapor with the help of the compression -coefficient of 
water, derived by extrapolation from the data of Pagliani and Vincentini which 
extend only to 100° (Landolt-Bomstein-Meyerhoffer, Tabellen 60 (1909)]. 



d by Google 



Section 52. — The Conductivity Data. izy 

the sixth, the measured conductance in reciprocal ohms, multipHed by 10* 
and corrected for the instrumental errors (those in the sHde wire and the 
resistance coils) and for the lead resistance ; the seventh, the conductance- 
capacity of the vessel (the values being omitted when identical with those 
in a preceding experiment) ; the eighth, the equivalent conductance cal- 
culated from the value of the conductance in the sixth column by applying 
(in the case of the two salts) the water-correction (see section 61), mul- 
tiplying by the conductance-capacity in the seventh column, and dividing 
by the concentration given in the fifth colunui. 

Tabu «i.~Tfu eonduelivity data. 

(ODIUM CHLOKIDE. 



Jan. 9.... 

1V03 
Not. 28.. 

Dec 17.. 



18.00 
100.36 
156.3 
222.3 

ise.s 

100.30 
18.00 
18.00 
100.38 
137.3 
220.7 
198. S 
100.15 
18.00 
18.00 
B9.68 
156.15 

sis.g 

156.7 
99.97 
18.00 
IB.OO 

216.S 

18.07 
218.69 
18.00 
99.76 
1S7.1S 
220.S 
158.0 
9B.S6 
18.0 
IB.OO 
100.19 
158.8 
221.0 

leo.i 

100.29 
18.00 



0.4996 
0.479S 
0.4959 
0.4190 
0.455B 
0.4799 
0.4996 
0.4996 
0.4799 
0.4SSS 
0.4201 
0.4M6 
0.4796 
0.4996 
0.4996 
0.4797 
0.4559 
0.4224 
0.4556 
0.4797 
0.4996 
0.4996 



1.9981 
1.6850 
1.D981 
1.9189 
1.8219 
1.8796 
1.8199 
1.9184 



1.6790 
1.8160 

1.9177 
1.9981 



55.62 
177.62 
200.38 
331.4 
261.36 
179.34 
56.48 
59.78 
178.03 
263.3 
334.1 
372.4 
18S.80 
69.45 
59.94 
177.24 
260.8 



215.81 
1,271.9 
2J6.19 
686.1 
1,009.5 
1,268.3 
1,016.7 
691.1 
217.87 
219.70 
689.0 
1,018.8 
1,273.2 



0.9f 

0.9794 

0.9783 

0.9770 

0.9783 

0.9794 

0.9808 



699.4 



107.34 
356. S 
547.9 
75S.5 
948.3 
357.0 
107.30 
107.65 
357.3 
564.3 
760.1 
973.2 
370.2 
113.1 
107.61 
364.3 
646.2 
736.1 
948.6 
359.6 
108.17 
107.46 



109.47 
733.2 
109.66 
348.7 
939.4 
733.9 
943.3 
350.6 
lOS.OS 
105.41 
350.3 
545. 3 
736.6 
551.9 
352.8 
106.43 
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Table 33. — The conductioUy data — Conttnued. 



MDtUH CHLORIDI. 


Dan. 


Ke. 


.(«."« «^ 


TaiMt^ 




Cn>4gc(- 
MC= X IC". 


'T.tX' 


B4>inlcnt 


1 


2 


3 


A 


s 


6 


T 


a 


1903 
Not. 17 

Nov. 19 

Not. 20 

Not. 23 

19M 

Jul 20 


I 

I 
I 

I 


10.013 

10.013 

10.013 
10.WL3 

10.009 


18.07 
09.72 
I5G.S 
21B.6 
1SS.75 
90.68 
1B.07 
18.07 
100.30 
18.07 
18.07 
90. SI 
15S.65 
218.0 
155.6 
18.07 

le.oo 

100.14 
157.2 
216.fi 
1S7.9 
100.05 
18.00 


9.999 
9.601 
9.130 
8.434 
9.127 
9.601 
9.99fi 
9.999 
9.597 
9.999 
9.999 
9.000 
0.128 
8.433 
0.130 
9.999 

9.995 
9.694 
9.111 
8.450 
9.104 
9.594 
9.995 


1,041.4 

3,888 

4,777 

5,067 

4,786 

3,204 

1,048.5 

1,040.3 

3,299 

1,0*0.7 

1.041.5 

3,292 

4,816 

5.969 

4,777 

1,044.8 

1,041.5 

3,295 

4,810 

5,936 

4,825 

3,302 

1.041.9 




102.04 
335.1 
511.2 
600.1 
512.3 
335.4 
102.63 
101.93 
330.3 
101.97 
102.05 
335.5 
616.5 
690.5 
511.2 

ioe.27 

102.09 
336.0 
61S.8 
685.2 
517.7 
336.6 
108.03 


H«.«OCK«,«C *C.P. 


Feb. 10 

Feb. 12 

Feb. 13 

Feb. IS 

Mar. 15 

Mar 10 


I 

I 
I 

I 


0.4991 
0.4900 

0.4Me 
0.4996 
0.4442 

0.4992 


IB.OO 
100.17 
16S.5 
18.00 
100.16 
158.4 
218.6 
159.3 
100.08 
18.00 
18.00 
18.00 
18.00 
217.7 
18.00 
18.00 
09.81 
156.8 
217.9 
157.3 
99.85 
18.00 


0.4985 
0.4784 
0.453B 
0.4980 
0.4789 
0.4542 
0.4208 
0.4538 
0.4789 
0.4089 
0.4989 
0.4980 
0.4436 
0.3746 
0.4438 
0.4985 
0.4786 
0.4546 
0.4209 
0.4543 
0.4786 
0.4985 


190.77 
408.8 
497.5 
191.09 
408.4 
494.4 
532.4 
500.8 
40S.1 
190.53 
190.77 
100.77 
169.04 
476.7 
168.69 
190.15 
406.4 
493.6 
533.1 
495.7 
408.2 
190.16 


0.9808 
0.9794 
0.97B3 

olmo 


375. 4 
836.8 
1.072.8 
375.7 
836. 4 
1.065.0 
1,236.2 
1,079.6 
834.5 
374.6 
375.0 
375.0 
373.8 
1,240.4 
373.0 
374.1 
B31.6 
1,062.3 
1.237.5 
1,067.6 
835.3 
374.1 
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Apr. 15.. 
Apr. 16.. 

Feb. 16.. 



reb. IS.. 
V^. 20.. 



1S6.3 
100.0: 
18.00 
18.00 
S9.90 
156.1 
217.9 
1S6.2 
99.76 
18.00 
18.00 
99.90 
IB.fl 
99.00 
217.6 
18.00 
99.37 
156.6 
217.0 
157.5 
99.59 
18.00 
18.00 
99.85 
157.8 
218.2 
157.9 
99.87 
18.00 
18.00 
218.7 
18.00 
18.00 
100.34 
157.6 
218.9 
167.8 
100. SO 
18.00 
IS. 00 
99.75 
156.8 
217.8 
156.4 
09.64 
18.00 
16.00 
217.1 
18.00 



0.4970 
0.4662 
0.4534 
0.4195 
0.4534 
0.4662 
0.4970 
0.4970 
0.4771 
0.4535 
0.4106 
0.4535 
0.4772 
0.4970 
0.4986 
0.4789 
0.4988 
0.4790 
0.4212 



t.9( 

1.9176 

1.8S10 

1.0867 

1.8197 

1.9176 

1.9970 

1.9970 

1.9173 

1.8198 

1.6896 

1.8190 

1.9172 

1.9970 

1.9970 

1.6830 

1.9970 

9.981 

9.678 

9.094 

8.413 

0.092 

9.578 

9.981 

B.081 

9.5S3 

9.101 

8.428 

9.105 

9.5S3 

9.981 

9.981 

S.435 

9.981 



493.3 
533.0 
4»4.3 
407.0 
189.79 
189.67 
406.1 
492.7 
633.2 
493.8 
406.1 
189.79 
190.37 
406.0 
190.20 
406.7 
634.0 
761.2 

1,610.3 

1,950.6 

2,112.4 

1,966.4 

1,617.3 
761.5 
760.6 

1,616.6 

1.960.8 

2,007.3 

1,902.4 

1,616.0 
7SS.4 
700.6 

2,106.0 
761.2 

3,747 

7,919 

9,514 
10.109 

0,930 

7,924 

3.743 

3,752 

7,904 

9.506 
10,146 

9,473 

7.892 

3,736 

3.748 
10.114 

3,747 



0.9836 
0.9825 
0.9811 



376.8 
837.0 
1,068.6 
1,246.7 
1,071.1 
839.1 
376.1 
375.9 
837.1 
1.067.5 
1,240.7 
1,069.8 
837.0 
370.1 
376.9 
835.8 
37S.6 
S35.1 
1,243.8 
373.8 
823.6 
1,051.2 
1,223.3 
1.060.8 
820.0 
374.0 
373.6 
825.7 
1,054.6 
1,215.9 
1,055.6 
825.6 
373.0 
373.5 
1,221.0 
374.8 
36S.2 
809.8 



807.8 
1,021.9 
1,176.1 
1,017.9 
606.0 
367.2 
369.3 
1.171 .3 
368.2 
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Table 33.— rA/ conducMty Ailo— Continued. 



mrDKOCHURIC ACtD. 



»„. 


C.U 


rtm«4°. 


t.™.*". 


CwcHlri. 
tbmnP. 


HCtXlW. 


<v»i>T- 


Eotinkm 


1 


2 


3 


4 


6 





7 


B 


ISOl 
Uar. 18 

Mar. 21 


I 
I 


100.66 
100.66 


18.00 
99.78 
156.2 
217.6 
156.2 
0S.9T 
18.00 
18.00 
100.86 
167.3 
218.7 
157.8 
100.27 
IB.OO 


100.92 
96. SI 
91.73 
B4.91 
91. TS 
96.63 

100.62 

100.62 
96.48 
01.62 
B4.76 
91.57 
96.48 

100.52 


39,010 
74,370 
87,970 
9a450 
87,620 
74,410 
36,050 
36,900 
74,490 
87,740 
90,220 
87,790 
74.660 
39.950 




350.4 
754.7 
034.0 

1.040.7 
934.8 
756.0 
350.8 
350.3 
7S6.2 
036.9 

t.039.9 
937.5 
796.0 
350.8 



BOMUH ACITATI. 



196.4 
218. 6 
196.5 
100.27 
18.00 
18.00 
99.79 
156.0 
217.8 
166.1 
09.81 
18.00 
13.00 
100.03 



18.00 
IB.OO 
99.51 
156.8 
155.7 
09.60 
IB.OO 
18.00 
99.50 
155.3 
217.3 
159.3 
99.97 
18.00 



0.6002 
0.4600 
0.4963 
0.4218 



0.4981 
0.4782 
0.4945 
0.4206 
0.494S 
0.4783 
0.4981 
0.5008 



0.480B 
0.500B 
1.0870 
1.9087 
1.8124 
1.8143 
1.9086 
1.9876 
1.9963 
.9160 



l.BS 
1.6861 



89.25 
136.77 
209.42 
274.8 
207.30 
138.71 
39.45 
39.32 
136.28 
208.43 
275.3 
206.87 
136.01 
39.46 
39.48 
137.08 
209.77 
277.7 
208.55 
137.40 
40.00 
149.80 
518. D 
790.0 
789.2 
520.0 
151.47 
151.61 
521.8 
790.6 
1,036.5 
789.3 
521.9 
161.63 



75.82 
275.3 
441.9 
629.7 
436.1 
278.8 
74.83 
76.28 
275.3 
441.4 
628.7 
436.9 
272.4 
75.17 
75.80 
274.2 
439.7 
627.7 
435.7 
271.9 
79.09 

265!9 
426.9 
422.0 
265.7 
74.16 
74.57 
266.9 
424.6 
600.3 
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Section 52. — The Conductivity Data. 
Table 33. — Tht conductivity data — Continued. 



Jone 37.. 
JDI7 a... 
July «... 
July 7... 
July 11... 
Jnue 16.. 



18.00 
99.94 
IM.O 
218.1 
196.1 
100.07 
18.00 
18.00 
156.4 
217.9 
18.00 
18.00 
100.40 
167.3 
IM.O 
100.36 
18.00 
18.00 
100.30 

ise.8 

1M.7 
100.04 
18.00 
18.00 
100.20 
156.1 
156.2 
100.09 
18.00 
18.00 
156.1 
217.9 
18.00 
18.00 
169.5 
217.6 
18.00 
18.00 
155.0 
217.7 
18.00 



1.9953 
1.9154 
1.8200 



1.9958 
9.998 
0.9S5 
9.101 
9.107 
0.687 
9.098 
0.988 
9.987 
9.108 
9.109 
9.988 
9.088 
9.986 
0.986 
9.113 
0.112 
0.G85 
0.986 
0.978 
9.10s 
8.424 
0.978 
9.971 
0.103 
8.421 
9.971 
9.992 
9.120 



217.4 
18.00 
18.00 
09.98 
15S.4 
218.0 



10.004 
0.130 
8.447 
10.004 
0.988 
9.116 
8.438 
0.988 
75.05 
72.91 
69.29 
94.11 



792.5 

1,036.3 
791.8 
523.8 
161.63 

1,008.0 

6,280 

6,883 

1,010.3 
723.7 

2,404.0 

3,751 

3,740 

2,496.0 
724.3 
723.9 

2,486 

3,733 

3,727 

2,487 
725.5 
722.1 

2,483.9 

3,729 

3,724 

2,478.9 
723.4 

4,717 
24,289 
31,390 

4,812 

4,791 
24,661 
31,730 

4,796 

4,808 
24,634 
31,449 

4,815 

4,807 
24,600 
31,480 

4,824 

4,811 
24,552 
31,490 

4,823 

4,904 
16,504 
24.408 
30,350 



0.14642 
0.14815 
0.14803 



0.14842 
0.14816 
0.14803 



74.55 
267.8 
425.9 
601.2 
426.4 
2«7.6 
74.30 
74.92 
426.8 

eoi.i 

74.24 
70.98 
294.6 
402.6 
401.1 
254.4 
70.95 
70.96 
253.6 
400.4 
399.7 
253.7 
71.06 
71.14 
254.6 
401.5 
400.9 
254.0 
71.18 
70.07 
306.1 
591.4 
71.40 
71.23 
400.8 
696.0 
71.21 
71.33 
398.0 
690.B 
71.34 
71.23 
398.6 
650.8 
71.39 
71.40 
398.4 
951.9 
71.40 
S3. 59 
222.66 
346.0 
464.4 
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Conductivity of Aqueous Solutions. — Part V. 
Table S3.— The condtictivity data— Continued. 



tODOm ACITATI. 



„™. 


H." 


ll»«4°. 


Ttaptri- 
nn.fi. 


Caacmrc 


Cniaa- 


tupiclir. 




1 


2 


3 


4 


s 


6 


T 


8 


1904 
Jnne S3 

June 14 


II 
II 


79.22 
95.55 


18.00 
100.15 
218.3 
15«.3 
100.15 

18.00 

18.00 
100.12 
158.2 
218.2 
IS6.1 
100. OS 

16.00 


7«.ll 
73.06 
04.22 
OS. 44 
73.00 
78.11 
95.42 
91. S9 
87.06 
80.S2 
87.07 
91.50 
0S.«} 


4.027 
16,578 
30,380 
24,426 
16,556 

4,923 

6,034 
20,303 
29,900 
37,020 
30.050 
20;318 

8,050 




03.75 
223.21 
484.1 
345. S 
222.90 

63.08 

62.28 
218.17 
337.4 
451.0 
339.0 
218.19 

62.43 





10.302 


18.00 


10.288 






99.40 


9.880 






155.4 


0.394 






217.4 


8.692 






155.6 


6.393 






00.84 


9.B78 






18.00 


10.288 




10.034 


18.00 


10.020 






99.90 


e.820 






156.1 


9.143 






217.9 








18.00 


10.020 




10.003 


18.00 


6.990 






100.08 


0.386 






156.1 


0.115 






218.1 


8.431 






18.00 




n 


30.040 


18.00 


30.00 






09.95 


28.80 






156.2 








217.9 


25.33 






156-2 


27.37 






00.95 


28.80 






18.00 


30.00 




30.00 


18.00 


20.06 






BV.83 


28.76 






156.2 


27.33 






217.6 


25.30 






158.4 


27.33 






99.75 


88.76 






IB.OO 


29.66 




101.87 


18.00 








99. 03 


97.47 






218.0 


85.70 



150.07 
256.4 
223.41 
146.85 
S33.22 
256.5 
149.87 
148.11 
253.3 
220.84 
146.53 
148.02 
147.60 
252.6 
219.48 
143.65 
148.10 
250.0 
442.4 
382.7 
240.98 
382.5 
442.6 
259.3 
256.5 
442.2 
382.7 
2S0.7 
381.1 
442.6 
259.6 
477.9 
814.2 
458.2 



0.9850 
0.9836 
0.9825 
0.6811 
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Section 53. — Summary of Equivalent Conductances. 
Table 33. — The conductivity data — Continued. 



ACETIC ACQ). 1 


^^ 


r 


Caanntii- 
Il«u4°. 




ti.a.,I». 


C«.J.C<- 

U...X10*. 




B4.<,.]ea. 


1 


2 


3 


4 


6 





T 


e 


Uay 13 

H«y 1« 


II 


101. $7 
101.67 


18.00 
99. OB 
166.0 
817.9 
1S6.1 
100.02 
18.00 
18.00 
30.00 
00.66 
101.02 

oa.os 

136.8 
817.7 
09.67 
18.00 


101.93 
97.46 
98.65 
85.71 

9s.es 

97.46 
101.53 
101.83 
101.84 
97.50 
97.39 
B7.61 
98.67 
85.74 
97.49 
101.53 


478.5 
819.6 
704.2 
457.3 
703.7 
813.2 
478.0 
478.3 
678.0 
81S.S 
816.0 
815. 7 
705.0 
469.4 
814.8 
478.3 




4.642 
8.231 
7.46S 
6.236 
7.462 
8.207 
4.638 
4.641 
5.566 
8.228 
8.231 
8.221 
7.475 
6.257 
8.221 
4.641 



53. SUMMARY CM^ THE EQUIVALENT-OONDUCTANCE VALUES. 
The separate conductance values given in table 33 were all corrected so 
as to correspond to the uniform temperatures of IS", 100*, 156°, and 318° 
by means of temperature-codficients obtained by plotting those values. 
In the case of acetic acid, since the equivalent conductance varies rapidly 
with the concentration, the preceding values were also corrected so as to 
eliminate the small variations in concentration in the different experiments. 
This was done with the help of the equation A*C = const,, the substantial 
validity of which will be shown subsequently. The so-corrected equiva- 
lent conductances are summarized in table 34. The concentration is ex- 
pressed in milli-equivalents (referred to oxygen as 16.00) per liter at i". 
In the columns headed "Initial" are given the equivalent conductances 
obtained from the measurement at the temperature in question before go- 
ing to the higher temperatures ; while in the columns headed "Final" are 
given the equivalent conductances obtained after returning to the temper- 
ature in question from a higher one. The means are based upon both the 
initial and final values in cases where there was no systematic difference 
between them ; otherwise upon the initial values alone : in which of these 
ways the mean value was obtained in each separate case, is indicated in the 
table by its position. From a comparison of the separate initial values at 
any temperature and concentration the degree of agreement of the deter- 
minations made at different times, and often with different solutions, may 
be seen. A comparison of the initial and final values in the separate ex- 
periments shows the contamination that resulted from the tteating. 
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(ODIUM CHLORIPI. 


Mm. 


^^E^- 


ISP 


\af 


1S«" 


218". 


'ris- 


iBlllll. 


HohI. 


iDhiil. 


Finll. 


lnM*l. 


F1..I. 


ISM 
Jan. 4.... 
Jan. 5.... 

JULS.... 

Jan. 8.... 

Mean . 

1103 
Not. 28.. 
Dec 17.. 
Dec. IB.. 

Uean . 
Not. 17.. 
Not. ig.. 
Not. 20.. 
Nov. 23.. 
Jon. 20.. 

Mean . 


0.0003 
0.3003 
0.5002 
0.SOO2 


107.34 

107. «5 

107.81 

•1107.46 


107.30 
113.10 
108.17 


355.7 
356.2 
365.4 


356.1 
369.8 
357.1 


646.6 
•t850.4 


546.7 
565.0 
646.4 


743.8 

•t752.0 

739.4 

737.3 


O.SOOi 


107.53 




355. 8 




546. S 





739.8 


2.0009 
2.0009 
2.0009 


105.31 
105.86 
105.41 


106.05 
106.43 


349! 5 ■ 
349.7 


351.1 
352.0 


'536.0 
536.4 


537!o' 

538.9 


731.3 
726.4 
787-9 


2,000( 


105.46 




349.6 




636.; 




728.2 


10.013 
10.013 
10.013 
10.013 
10.009 


101. B8 
101.77 
101.81 
101.89 
102.09 


•103.47 

102 !ii 

102.03 


335.9 
335.4 

336!i* 
335.6 


S36.4 


612.7 

•516 ^6 
518.1 


613.1 

5i2.'7' 
511.9 


688.7 

'6Bs!b 
688.2 


10.012 


101.04 


336.0 


612.S 


688.S 


HTDROCHLORIC ACID. 


1904 

Feb. 10.. 
Feb. 12.. 
Feb. 13.. 
Feb. IS.. 
Mnr. IS. . 
Mar. 1«. . 
Arr. 8.. 
Apr. fl. . 
Apr. 15.. 
Apr. IS.. 

Mean . 
Feb. 16.. 
Feb. 17.. 
Feb. 18.. 

Mean . 
Feb. 20.. 
Feb. 23.. 
Feb. 24.. 

Mean . 
Mar. 18.. 
Mar. 21.. 

Mean. . 


0.4TO1 
0.4W6 

0.4442 
BO. 4992 
0.4B77 

0.4996 
0.4999 


375.4 
375.7 
375.0 
375.0 
373.8 
374.1 
375.8 
375.S 
375.9 
375.8 


aji.k' 

373!o" 
374.1 
276.1 
376.1 


838.0 
834.6 


'sM.i 


1,064.3 
•I1.056.7 

ioiiii'.i 

1.068.4 
1,067.2 


ioesii 

1,063 la 
1,070.1 
1.069.1 


•1^234:6 

1^1 !2 
1,237.8 
1.246.4 
1.24T.0 

I'iUis 


832.5 
837.7 
837.6 
836.2 
837.0 


836.0 
839.1 


0.499 


376.2 




835.9 




1.064. S 





1.243.3 


1.9997 


373.8 
S73.5 
373.5 


374.0 
373.0 
373.8 


827.4 
B26.4 


827.8 
826.1 


1,048.5 
1.048.4 


1,051.7 
1.048.8 


1.224.8 

1.215.4 
1,820.3 


2.000 


373.6 


826.9 


1.049.3 


1,219.6 


9.994 


368. S 
368.7 
368.3 


367.8 
367.2 
38S.2 


808.3 
808.0 


808.7 
808.1 


1.018.6 
1,010.2 


1.019.5 
1,016.6 


1.172. 
1,176.6 
1,173.2 


9.994 


36 .1 


80 


.5 


1,018.5 




Do.ea 


350.4 350.8 
350.3 350.8 


755.6 
756.2 


756.7 
75.1.8 


933.61 934.3 
933.51 932.8 


1,041.3 

__1,038.8 

1.040.1 


oo.w 


350.S 


755.8 


933 


• 



b erident from the di«ure«Dent 
nliwtioa occurred at the kigher tem 
le Rwliiic in thii ewe wu not of tt 



ic known ciiuc of «nor ttMcd ii 



of oalr 0.6 X 



DMd in prcpuins tbii wilDtlon « 



I tunWBkllr SDod. turloc 



^lecific coadnetuice 
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Section 5j. — Summary of EquivalenI Conductottces. 135 

Taxls 84.— E^awo/mf eonduebmee at round ttmperaturei—CoMiaucA. 



tovnm AciTATi. 1 


Du>. 


c-„». 


IB" 


100° 


IStf" 


118°. 


'.xi\ 


lniUal. 


FtHl. 


tsklil. 


"-"■ 


l«ld>l. 


riBii. 


lOM 
Apr. 23... 
Apr. SO... 
Apr. 87... 

Mean .. 
Apr. 12... 
Apr. 20... 
Apr. 81... 
Jnly 14... 

Meui .. 
Mar. 24... 
Mar. 2S... 
June 10... 
Jaiie87... 
July 5... 
Jnir «... 
Jnlj- 7... 
Jnly 11... 

Mean .. 
June 16... 
Jnne 83... 

Mean .. 

June 14... 


0.S008 

o.4Bas 

0.901S 


75.83 
76.88 
76.80 


74.83 
75.17 
75.00 


274.3 
275.0 
874.1 


272.0 
878.0 
271.8 


440.7 
441.4 

438.8 


434.5 
436.S 
484.1 


S83.8 
629.3 
687.4 


0.500 


75.97 


75.03 


274.8 


273. S 


440.3 


435. C 


620.8 


1.9903 
I.B980 
1.9080 
1.99S5 


•73.77 
74. S7 
74.65 
74. SS 


74.16 
74.30 
74.30 
74.84 


267.8 
208.2 
208.0 


206.7 
86T.3 
207.4 


423.7 
430.0 
425.0 
487.3 


422.8 
485.0 
485.1 


000.0 
001.4 


J.006 


74.55 


74.88 


207.8 


807.1 


425.9 


424.5 
398.8 
397.0 
400.4 


601.5 

ssi'.e 

•557.9 
551.5 
651.3 
658.9 


10.008 
10.008 

9.984 
10.006 
10.018 
10.001 


70.98 
70.06 
71.14 
•70.07 
71.23 
71.33 
71.83 
71.40 


70. S5 
71.08 
71.18 
71.40 
71.21 
71.34 
71.39 
71. 4S 


853.0 
253.1 
254.1 


853.S 
253.0 
253.8 


390.3 
398.4 
401.2 
304.8 
408.1 
308.3 
S08.0 
808.9 


















10.00 


7122 


25; .« 


309 1 


551.8 


76.06 
70.28 


63.59 

63.75 63.es 


222.08 

222.89 222.58 


345.2 

344.9 


444.3 
463.6 


76.14 


63 67 


822.72 


345 1 


464.0 


BS.SS 


68.S8 *62.43 


817.83«218.09 


837.0 "338.8 


450.7 


ACmC ACID. 


1904 
May 80... 
Mar 84... 
Jime »... 

Mean .. 
May 25... 
May M... 

Mean .. 
Har 18... 
Mar 13- ■■ 
May Ifl... 

Mean .. 


10 


14.585 
14.6S0 
14.583 


14.S04 

14.670 
14.003 


85.98 
85.86 
25.04 


35.04 


23.68 

•t83.79 

83.07 


83.08 


10.730 
•tl7.013 

10.708 


10 


14.680 


14.S81 


25.04 




23.68 


13.753 
13.718 


10.740 
0.685 
9.683 


30 


8.518 
8.538 


8.524 
8.536 


15.124 
15.123 


15.131 
15.138 


13.781 
13.704 


30 
100 


8.622 


8.63( 


15. U4 
8.233 
8.807 
8.294 




13. 7« 






4.673 
4.679 
4.678 


'4! 678 


i'.ini 

8.88T 


'i'.'ssa 

7.530 


iVsSi' 


5.2S8 

s.sn 

5.286 


100 


4.077 




8.201 




7.589 




S.KB 



'Omitted in eamputlnc the mtan. 

tOmltled in coBvatiDs the nwui lince tbc readlaf* wer , , .. 

relattrelj htib vmuuid wu prodnccd In thb cmc, vhkh pcraittcd the fomatlon of babUei 



t uDcerlain, owing to tl 



In connection with these results, attention may be called to the degree of 
agreement of the "initial" and "final" values, which gives a measure of 
the change in conceatratioo resulting from the heatings. In the cases of 
the 0.1 and 0.01 normal solutions of sodium chloride, hydrochloric acid, 
acetic acid, and sodium acetate the differences between these two sets of 
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values at all temperatures are scarcely greater than the possible experi- 
mental errors of the separate determinations. Remarkably enough, the 
same is true, in the case of the hydrochloric acid, of the still more dilute 
solutions, 0.003 and 0.0005 normal. In the case of sodium chloride at 
these two concentrations the final values at 18' are as a rule somewhat 
larger than the initial values, but on an average only by 0.5 per cent. In 
the case of sodium acetate, on the contrary, the final values are smaller by 
0.3 to 0.4 per cent for the 0.002 normal solution and by 1.0 to 1.6 per cent 
for the 0.0006 normal solution. 

Table 35 contains a summary of the mean values of the equivalent 
conductances given in table 34, after correcting them upon the basts 
described in section 16, Part II, for the change in conductance caused by 
the heating (only, however, in cases where the initial and final values at 18° 
diflFered by more than 0.25 per cent). The acetic acid values given under 
the heading "corrected" were obtained by decreasing the "uncorrected" 
values by a fractional amount equal to the ratio of ^Ot actual conductance 
in the bomb of the water (section 51) to that of the solution in question. 
The values of the concentrations here given are those at the temperatures 
of the measurements. They were obtained by dividing the concentration 
at 4° by the appropriate specific-volume-ratio. 







C«K«- 


Mii> 


.".'ft 

KM. 


Mli> 


ARlIC mU. 1 






























18" 




107.53 


375.2 


75.97 








l.OBS 


105.46 


373.6 


74. S5 








9.M 


101. »4 


368.1 


71.22 


14.59 


14.50 




30.0 








8.52 


8.49 




75. » 






63.87 








99.0 




350.6 




4.68 


4.67 


100= 


0.479 


355.8 


836 


274.8 












S27 


267.8 








9.59 


336.0 


SOS 


253.6 


25.94 


29.64 




ZB.S 








19.12 


19.01 




72.0 






222. 7 








95.9 




756 




8.29 


8.26 


isa' 


0.456 


546 


1,065 


440.3 








1.82 




1,049 


425.6 








9.11 


513 


1,018 


3e».i 








27.3 








13.76 


13.57 




69.2 






345.1 












034 




7.53 




«18° 


0.422 


740 


1.243 


631 








1.69 


725 


1,220 


603 










«S9 




552 


16.75 


15.93 




2S.3 








ft.6S 


9.40 




64.1 






464 








84.3 




1.0*0 




5.28 


S.20 
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Section 54. — Equivalent Conductance at Round Concentrations, ijf 
54. EQUIVALENT-OCmOUCTANCE VALUES AT ROUND OWKENTRATICWS. 
In order to show more clearly the change of conductance with the tem- 
perature the values in table 36 have been reduced so as to correspond to 
the same concentration at all temperatures. This has been done by graphic 



interpolation with the help of the approximately linear function - 



Ao 



K{C\y in the cases of sodium chloride, hydrochloric acid and soditim 
acetate; and with the help of the function A = /^(^)', also approximately 
linear, in the case of acetic acid. Values extrapolated for any considerable 
interval are indicated by inclosure in parentheses. The limiting values for 
zero concentration (A«) were derived for hydrochloric acid and sodium 
acetate by determining graphically what function of the exponential form 

— = l-Jf (Ca)»-* would best express the results at O.B, 2, 10 and 100 

(or 75 or 86) millt-normal and extrapoUting for zero concentration (see 
section 42, Part IV). For sodium acetate the conductance values at 166° 
and 218° were first corrected for the hydrolysis of the salt in the way to 
be described in section 58, before making this extrapolation. The cor- 
rected values are given in the table below the imcorrected ones. At 18° 
and 100° the hydrolysis is inappreciable. For acetic acid the A« values 
were calculated from those for the other three substances by the law of 
the independent migration of the tons. 

Table 36 contains the results of these computations. The concentra- 
tions, as usual ia this article, are expressed in milli-equivalents per liter 
(referred to oxygen as 16.00) and the temperatures are on the hydrogen 
gas scale. 



Table M.—Eqimnlent conduclanet at 




l«k«*>«. 


^^■s:; 


18". 


lOI". 


litf-. 


IMP. 




O.S 
B.O 
ID.O 


107.53 
10S.4S 
101.04 


3S3.B 
340.0 
33S.S 


S4S 
534 
Sll 


738 
722 
684 




HydPOOhlMio Add. 




O.S 
B.O 
10.0 
80.0 
100.0 


379 

37S.S 

373.0 

368.1 

3S3.0 

3S0.B 


8S0 
B35 
S26 
807 
7S2 
7S4 


1,085 
1,064 
1,0*8 
1,016 
M6 
920 


1,265 
1,241 
1,217 
1,168 
1,044 
1,006 


Mctedlorhydrolyria) 




O.S 
2.0 
10.0 
80.0 


78.1 
75.97 
74. 5S 
71.38 
63.4 


285 
274.0 
267. a 
253.3 
221.0 


489.5 
424.5 
397.0 
340.0 


62S' 
598 
546 
453 
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Conductivity of Aqueous Solutions. — Part V. 
Tabu 3ft.— fqtnm^i conductance at round conrMtiruftoiu— Continued. 



l.b«tut>. 


sx."- 


lg». 


«<^. 


15«°. 


as". 


Sodium Acetate {car- 









450 


600 


reotedforb7drol78l8 


2.0 






421 


S7B 




10.0 






3B6 


942 




80.0 






340 


4B2 


Aoelio Add (nncorreot- 


10 


14. S9 


25.40 


3K.65 


15.43 


90 


S.fiS 


14.80 


13.13 


8.M 


wftter). 


80 


S.S3 


S.IO 


8.07 


6.«t 




100 


4.08 


8.13 











347 


773 


9B0 


1,165 




10 


14. SO 


25.10 


2S.1S 


14.70 


wftter). 


30 


S.SO 


14.70 


18.95 


8.05 




80 


S.«2 


9.05 


8.00 


S.S4 




100 


4.67 


8.10 







The results with sodium chloride were in an earlier patt of this publica- 
tion combined with the other results obtained with this substance in this 
laboratory and were discussed in connection with them (see section 16, 
Part II). The results with the other substances will alone be conudered 
in the following pages. In the case of the acetic acid we shall employ 
the values corrected for the conductance of the water. 

It is of interest to compare these results with those of previous investi- 
gators in the few cases in which duplicate data already exist. In table 37 
such data are placed side by side. 

Tablb 87. — Compariton of tke vatnet of the equivalent conductance at 
18* obtained by diiferent iuvesligalors. 



(lalkw. 


HtdiOChloik: Acib. 


■ddiuh AcrrATC 


Acrric Aci». 


u4 


,rL> 


•ii4 




bkl- 


C«p«., 


Krtl- 


0.6 

2.0 

10.0 

100.0 


375.2 
373.6 
368.1 
350.7 


"sra" 

370 
351 


375.4 
37S.0 
369.3 
351.4 


76.0 
74.5 
71.8 


75.8 

74.3 
70.2 


"li.BO 
4.67 


4.60 



and Hdborn, Lclivei 



'CrmafCD der ElektrolTte, 1G»-1«0, (189S). 

i (1804)1 Phr*. Re*.. U, >S1, ISfi (1994). Tlie *alue* hi 

:ted for the bflneQcc of tbe water. 



tProc Am. And., 40, 4l/l, 
gitat, IDce oar own, m unci 

Our results with hydrochloric acid at 18° agree on an average within 
0,85 per cent with those determined with great care by Goodwin and Has- 
kell. This is also true of the values for this acid extrapolated for zero 
concentration, which are 379 and 380 respectively. Our values for sodium 
acetate in 0.01 normal and for acetic acid in 0.1 normal solution differ, 
however, from the early ones of Kohlrausch by 1.4 and 1.5 per cent 
respectively. 
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Section 55. — Change of Conductance with Concentration. i^g 



The change of the coaductance with the concentration nuy be first 
discussed. In the case of the sodium acetate values uncorrected (or hydrol- 
ysis there is, owing to this phenomenon, an abnormally large increase 
between the highest and lowest concentrations, especially at the h^her 
temperatures. Moreover, it is not probable that the values corrected for 
hydrolysis are as accurate as those for unhydrolyzed salts. This makes it 
scarcely worth while to investigate fully the form of function af^licable 
to the change of conductivity with the concentration in the case of this 
salt. Of much interest, however, is such a study in the case of hydro- 
chloric acid, especially with reference to the conformity of its behavior to 
that of the neutral salts. We have therefore tested the applicability to the 
data of the three functions A, — A = JCC* (Kohlrausch), A^ — A = 
/CC*A* (Barmwater), and S.^ — \=K*C* (van't Hoflf), by plotting the 
values of A along one co-ordinate axis and those of C*, A*C*, or A'O alot^ 
the other axis, drawing the best representative straight line through the 
points in such a way as to make the percentage deviations of the two con- 
ductivity values for the more concentrated solutions (10 and 100 or 10 
and 85 milli-normal) and also of those for the more dilute solutions oppo- 
site and equal, and reading off the deviations of the separate points from 
the line. These deviations, expressed as percentages of the conductance 
values, are given in table 38. 

Tabu 38. — Devialion of Iht observed conductance values for hydrocUoric 
acid from those calculated by various empirical formulas. 



TaiptF. 


Canetii- 


Bi)il»ltai 




c"* 


A'-'c" 


A*" c'" 


18= 
100= 
156' 
218= 


0.5 
2.0 
S.M 
99.0 


37S.2 
373. e 
308.1 
350. e 


—0.19 
-HO. 17 
+0.22 
—0.24 


—0.20 
+0.19 
+0.27 
—0.27 


—0.08 
+0.06 
—0.02 
+0.01 


Mean. 




0.21 


0.24 


0.04 


0.479 
1.017 
9.69 
9iS.9 


830 
S27 

ao8 

7S6 


—0.05 
-f-O.OS 
+0.01 
—0.07 


—0.08 
+0.06 
+0.12 
—0.13 


+0.11 
—0.13 
—0.23 
+0.21 


Mean. 




o.oe 


0.10 


0.17 


0.45a 
1.82 
9.11 
91.1 


1.065 
1.049 
1,018 
934 


+0.01 

—0.01 

0.00 

0.00 


—0.05 
+0.02 
+0.08 
—0.09 


+0.18 
-0.18 
—0.40 
+0.42 


Mean. 




0.01 


0.00 


0.30 


0.421 
1.69 
B.43 
84.3 


1.243 
1,220 
1.174 
1.040 


—0.09 

0.00 

+0.10 

-0.12 


—o.oa 

+0.10 
+0.22 
-0.33 


+0.31 
—0.38 
—0.74 
+0.68 


Mean. 




0.08 


0.18 


0.47 



db, Google 



140 



Conductivity of Aqueous Solutions. — Part V. 



It will be seen from the table that as in the case of the salts previously 
investigated, the cube-root function of Kohlrausch expresses the results 
almost perfectly at the three higher temperatures, but that at 18° the de- 
viations reach 0.26 per cent That of Barmwater is nearly, but not quite, 
as satisfactory. On the other hand, the function of van't Hoff well rep- 
resents the data at 18", but does so less and less perfectly the higher the 
temperature, so that at S18° the deviations reach 0.7 per cent. 

We have also determined graphically, by plotting 1/A against (AC)""' 
(see section 17, Part II), what value of the exponent « in the function 
(^(A, — A) =K(Ca)' best expresses the results at the diflferent tem- 
peratures both for hydrochloric acid and sodium acetate (unhydrolyzed 
values). The results are given in table 39, 

Table 39.~Valuet of the exponent n m the function 
C(A,— A)=ftr{CA)" 



talWHBM. 


UP. 100°. 


lStf>. 


118°. 


HCI 

NftOAO,.... 


1.45 
1.45 


1.38 
1.49 


1.40 
1.42 


1.47 
1.3S 



The effect of temperature is mainly of interest when considered with 
reference to the conductivity values extrapcdated for zero concentration ; 
for this effect then consists solely in a change in the migration velocity of 
the ions, while at higher concentrations upon this the change in ionization 
is superposed. To show the character of this effect, we have calculated 
the mean absolute temperature-coefficient of the conductivity at zero con- 
centration AAo/Af between 18° and 100°, 100° and 166°, and 156* and 
S18°. These coefficients are given in the following table, together with the 
value of the equivalent conductance at 18°. The coefficients for sodium 
acetate are based on the conductance values corrected for hydrolysis. 

Table Vi.—Mean lemperature-coeMcienU of the 
equivaleni conductance at ttro concentration. 





S" 




1S"-1Q0=. 


laf-mP. 


ixP-ii^- 




109 
78.1 
379 


3.09 
8.53 
5.76 


3.44 
s.es 
4.20 


3.31 
3.40 
i.90 


N^I.H,0,... 





It is evident from the preceding table that the temperature-coefficient of 
sodium acetate, like that of the other uni-univalent salts discussed in 
Parts II and IV first increases rapidly,* attains a maximum, and then 

♦Accordmg to Arrbenius (Ztachr. phya. Chera., 4, 99, 1889) its absolute tempera- 
ture-coefficient for the interral 18-58° is 2.08, thus mudi smaller than that from 
18' to 100°. 
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Section 56. — lonieaHon-values. 141 

somewhat decreases. Hydrochloric acid, on the contrary, exhibits a con- 
stantly decreasing^ temperature-coefficient.* 

It is also worthy of note that the migration velocities of the ions of 
these three substances differ by a less percentage amount the hi^er the 
temperature. Thus the ratio of the equivalent conductance of sodium ace- 
tate and of hydrochloric acid at zero concentration to that of potassium 
chloride has the following values at the various temperatures: 



The effect of temperature on the conductivity at the higher concentra- 
tions does not require special discussion, since the phenomenon is better 
analyzed through the consideration, presented in the following section, of 
the relation of ionization to temperature. It is, however, of some interest 
to note that acetic acid, owing to the decrease in its ionization overcom- 
pensating the increase in the migration velocity of its ions, has a maxi- 
mum value of the equivalent conductance at some temperature between 
18' and 156'. 



Table 41 shows the percentage degree of ionization of the various sub- 
stances. These values were obtained merely by dividing the conductances 
at the different concentrations by the conductance at zero concentration, 
all of which are given in table 36. The values corrected for hydrolysis 
were used in the case of sodium acetate, and those corrected for the con- 
ductance of the water in the case of acetic acid. 



TABLB4L- 






>,^» 


^r: 


Ig'. 


lOOP. 


15^. 


218°. 


HydrooUorio 





100.0 


100.0 


100.0 


100.0 




0.6 


99.0 


98.2 


98.0 


08.3 




3 


98.B 


B7.a 


9«.a 


06.0 




10 


Vt.l 


95.0 


93.0 


02.2 




SO 


03.3 


BB.7 


87.2 


82.5 




100 


02.S 


88.7 


86.6 


79.5 


Sodium Ace< 


O.S 


97.2 


9«.4 






tate. 


2 


95.3 


93.8 


93.7 


87.3 




10 


91.2 


SB. 8 


88.0 


83.8 




SO 


Sl.l 


77.6 


75.6 


«8.5 


AoetdoAold. 


10 


4.17 


3.24 


8.26 


1.20 




30 


2.43 


l.BO 


1.32 


0.743 




SO 


1.50 


1.17 


0.81(1 


0.458 




100 


1.34 









*Ita value for the interval 10-30* is 6.30 (computed from the data of Noyes and 
Sanunet [Ztschr. phys. Chcm., 43, 70, 1903] and our value of A, at 18"). 
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Z4S Conductivity of Aqueous Solutions. — Part V. 

The discussion, ^ven in section S5, of the change of conductivity of 
hydrochloric acid with the concentration is substantially also a discussion 
of the change of ionization ; for the three functions there considered, pro- 
vided each be assumed to hold down to zero concentration and therefore 
to give the true value of Ag, may be written in the forms: 

l~y = KO\ 1 — y = X(Cy)»and Cil — y)=K{Cy)^ 
The conductivity functions corresponding to the first two of these have 
been shown to express the results fairly satisfactorily in all cases; but 
this is not true, especially at the higher temperatures, of the function cor- 
responding to the last of these expressions. It was in fact shown that 
the exponent in the expression corresponding to the general exponential 
function C(i — y) = if (Cy)" has both for hydrochloric acid and sodium 
acetate values differing from 1.6 and varying somewhat with the tempera- 
ture (see table 39). 

The question of the applicability of the mass-action law to the results 
with acetic acid at the higher temperatures is of considerable interest. 
The values of its ionization-constant (multiplied by 10*) calculated from 
the data of table 41 by the equation K=- Cy'/(1 — y) are given in table 
42, the concentration used in the calculation and given in the table being 
expressed in equivalents {not millt-equivalents) per liter. 

Table *i.—Ionuation-coHslanU (10«/f) for acetic add. 



^X" "f- 


100°. 


IMP. 


!18". 


0.01 18.16 
0.03 18. 4S 

0.08 

0.10 18.20 


10.85 

u.ot 


5.23 
S.30 
S.3S 


1.81 
1.67 

i.«e 



It is evident from these results that the mass-action law holds true, at 
least approximately, for this acid at 218°, just as it does at 18°. The 
values given in the last rows — those for the more concentrated solutions 
— are doubtless the best values of the constant. 

It will be seen from table 41 that the ionization of all these substances 
decreases steadily with rising temperature. In 0.1 normal solution the 
decrease between 18° and 218° is nearly the same (9 to 11 per cent) for 
the first three substances, and consequently their relative degrees of ioniza- 
tion are not much different at the higher and lower temperatures. The 
decrease in the case of acetic acid is very great, the ionization at 218* being 
only about one-third of that at 18° ; moreover, the decrease is especially 
rapid above 100'. Correspondingly, its ionization-constant (given in table 
42) has decreased at 100° to about 0.6 and at 218' to about 0.1 of its value 
at 18°. 
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Section SJ, — Conductivity Data for Mixtures. 



Table 43 gives the results that were obtained with the mixtures of 
sodium acetate and acetic acid. The values of the conductance are the 
measured values in reciprocal ohms, multiplied by 10* and corrected for 
the instrumental errors and the lead resistance. The values of the specific 
conductance were calculated from these by applying the water-correction 
and multiplying by the conductance-capacity. 

It will be seen that with the 2 and 76 milli-normal salt solutions the ini- 
tial and final values of the specific conductance agree in every case with- 
in about 0,1 per cent, and that with the 10 milli-normal solution the two 
values differ on an average by only 0.2 per cent. This makes it improbable 
that the results are afFected by an error arising from contamination or 
adsorption. 

56. HYDROLY^S C^ SODIUM ACETATE AND IONIZATION OF WATER. 

The increase in conductance due to hydrolysis of the salt can be derived 
from the data of table 43 and those obtained with sodium acetate alone 
(table 36). It is first necessary to subtract from the former values the 
conductance which the acetic acid itself possesses in the mixture. This 
can be determined by the application of the mass-action law, which has 
already been shown to apply to acetic acid at all the temperatures. Accord- 
ing to this law —^5 —= K. Now Cab is substantially equal to the con- 
centration of the ionized sodium acetate in the solution, which is readily 
calculated by multiplying its concentration (C.) by the corresponding 
ionization value (y.) taken from table 41. The ionization of the acetic 

acid - ° is then found by dividing its ionization-constant by this pro> 
duct, and its specific conductance (la) is equal to the product of this ion- 
ization value by the concentration of the acid (Ca) and by its equivalent 

conductance when completely ionized (A^), i. e., La = -^; — , CaAoa. 

The specific conductance of the acid is then subtracted from the specific 
conductance of the mixed solution, whereby the specific conductance of 
the unhydrolyzed salt is obtained. It is assumed hereby that the acetic 
acid has been added in sufficient amount to reduce the hydrolysis to a value 
not differing appreciably from zero; that this was the case was proved 
experimentally by the addition of varying amounts of acetic actd, and it 
will also be shown theoretically that even the smallest addition made in our 
experiments must have sufficed. 
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The data and results of these catculaticMis are given in table 44, which is 
more fully explained on page 146. 
Tasu 4Z.~The eonductivily data for mixtures of sodium aeetatt and acetic acid. 



Dut. 


Ha. 


CUKHUIalkn il 4°. 


Man. 


..^■Si. 


J!!:;:^^ 


loOtm 


'X- 


1B04 














Jnly 15... 


in 


i.vea 


l.SH 


18.00 
156.5 
217.7 

18.00 


1,030.4 
5.262 
8,660 
1.039.9 


153.84 
773.9 
978.7 
152.56 


July 18... 


III 


2.0043 


0.874 


18.00 
1S8.3 
18.00 


1.027.1 

5JS67 

1,026.4 


151.65 
775.3 
150.66 


Jnly 18... 


III 


2.0071 


0.456 


18.00 
156.3 
317.4 

18.00 


1,010.8 
4268 
6.712 
1.020.7 


160.41 
775.3 
886.5 
149.71 


Jnly 2a.. 


in 


2.O021 


0.464 


18.00 
156.8 
217.2 

18.00 


1,017.3 
6,245 
«,6»1 
1.017.8 


150.07 
771.9 
983.3 
149.30 


June 7... 


II 


B.987 


S.« 


18.00 
217.7 


723.4 
4,708 


711.7 
4,810 


Jime 8... 


" 


lO.OSZ 


1.1MU 


18.00 
217.B 


726.9 
4,755 


716.1 
4,658 


June S... 


II 


10.003 


3. CI 


18.00 
218.4 


724.7 
4.738 


713.0 
4,842 


June 28... 


in 


lo.ooe 


3.M 


18.00 
157.2 
217.0 

18.00 


4,823 
34.873 
31,290 

4339 


714.8 

3,850 
4,824 
716.4 


Jane 2>... 


in 


10. OSS 


a. 739 


18.00 
155.8 
217.6 

18.00 


4,819 
24,588 
30,890 

4,839 


714.4 
3,837 
4,565 

716.4 


July 7... 


in 


lO.Dlfl 


2.235 


18.00 
155.9 
817.8 

18.00 


4,827 
34,694 
3U80 

4.828 


715.6 
3,838 
4,808 

714.8 


July a.. 


in 


lO.OM 


2.163 


18.00 
217.9 
18.00 


4,833 
31,350 
4.843 


718.4 
4.633 
717.0 


July »... 


III 


lO.OlS 


2.238 


18,00 
217.8 
18.00 


4,819 
31,240 
4,827 


714.4 
4.617 
714.7 


Jnne 17.. 


II 


78.18 


20.S4 


18.00 
156.3 
218.3 

18.00 


4.913 
24,403 
301320 

4,914 


4,837 
23.998 
28.738 

4.838 


Jnue 20... 


n 


78.06 


20.87 


18.00 
156.0 
217.7 

18.00 


4.S88 
34,079 
30J00 

4.876 


4,814 
33.854 
39,528 

4,801 


Jane 24... 


II 


78.08 


30.87 


18.00 
100.08 
156.3 
218.0 

18.00 


4.911 
16,532 
24.381 
30.270 

4.913 


4.836 
16.258 

2^888 
4.838 
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Section 5S. — Hydrolysis of Sodiitm Acetate, 14$ 

Tabu t*.~SpeeHk conductance of the eotutifuents of the todium acetate tolutiotu. 



Dm. 


""■ 






S»ccU( cw4 


«..» X 10" 




DIMl- 


P«cml- 

■K41I. 


am. 


A.U. 


Ulmn. 


i'.'iL". 


^'s. 


Jri'iu 


1 


2 


3 


A 


6 


6 


T 


S 


9 


10 


Jnljr IS 


IB 


1.990 


1.592 


153.34 


5.31 


143.03 


148.35 


0.32 




July IB 


IB 


2.002 


0.875 


151.3! 


2.90 


148.6! 


149.2! 


0.61 




Jnlj 19 


IB 


2.0W 


0.451 


150.41 


1.51 


148.0C 


149.43 


0.53 




Jnly 20. 
Mean . 


Itt 


i.m 


0.464 


ISO.Ol 


1.54 


148.K 




O.S! 


















0.4{ 


0.33 


June 7. 




9.953; 5.S2 


711.7 


3.9 


707.8 


708.9 


1.1 




June B. 


in 


10.03t 


1.941 


715.1 


1.4 


713.7 


714.9 


1.2 




June 9 


IH 


9.98t 


3.60 


713.0 


2.5 


710.5 


711.5 


1.0 




Jnoe 2a 


IS 


9.98( 


3.40 


714.0 


2.4 


712.5 


711.5 


—1.0 




Jtine 29. 


IH 


lO.OK 


2.73! 


714.4 


1.9 


712.6 


712.9 


0.4 




Jnly 7, 


18 


10.00! 


8.22! 


71s. 5 


1.5 


714.0 


712.3 






July 8. 


18 


10.02: 


8.15( 


716.4 


1.5 


714.6 


713.8 


—1.1 




July 9. 
Mean . 
June 17. 


IB 


10.00] 


2.22! 


714.4 


1.5 


718.9 


712.2 






















—0.1 


0.0 


18 


7«.08 


SO. 51 


4837 


3 


4B3S 


4844 


fl 




June SO. 


IB 


■75.95 


W.ft4 


4814 


2 


■4813 


4836 


•84 




June 24. 
Mean . 


IB 


75.98 


!0.64 


4836 


2 


4B34 


4838 


4 


















6 


0.1 


July IS. 


l.-iA 


I.8I; 


1.4S2 


770.8 


4.6 


766.2 


773.0 






July 18. 


ISO 


l,S2f 


0.7« 


773.9 


2.5 


771.4 


777.7 






July 19, 


LW 


1.821 


0.41! 


774.0 


1.3 


772.7 


779.0 


6.3 




July 20. 
Mean . 


1S6_ 


1.824 


0.423 


772.7 


1.3 


771.4 


776.8 


S.4 




1.82. 


















June 28 


1S« 


fl.u; 


3.19 


3626 


3 


3624 


3637 


IS 






1SB 


9.13! 


2.49! 


3841 


2 


363ft 


3645 


6 




July 7. 
Mean . 


I.W 


9.12; 


2.021 


3S40 


1 


3639 


8642 


3 


















8 


0.22 




IfM 






23962 


2 


23960 


23953 


— r 




June 20. 


r.w 


•69.30 


18. ai 


23654 




•336S2 


23915 


•i!«3 




June 24. 
Mean . 
Jnly IS. 


1N1 


09.32 


[8.83 


23900 


2 


23898 


23922 


24 



















8 


0.05 


218 


1.68( 


1.344 


97B.8 


1.8 


078.0 


1013.1 


3S,1 






niK 


1.892 


0.384 


983. S 


O.S 


988.0 


1020.3 


38.3 




July 20, 
Mean . 


!18 


l.SSf 


0.391 


986.3 


0.5 


966.0 


1017.9 


31. ft 






1.681 








984.0 




33.1 


3.36 




218 


8.402 


4.66 


4615 


1 


4614 


4638 


24 




June 8. 


218 


8. 47; 


1.64J 


4660 
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The first column of table 44 contains the date, which correlates the data 
with those of table 43 ; and the second column, the temperature. The third 
and fourth columns give the concentrations in the mixture of the sodium 
acetate and acetic acid, respectively, found by dividing the concentrations 
at 4* by the specific-volume ratios. The fifth column contains the specific 
conductance of the mixture, the values at the two higher temperatures 
being corrected so as to correspond to the even temperatures, 156' and 
218°. In the sixth column is given the specific conductance of the acetic 
acid in the mixture, calculated as just described. The values in the sev- 
enth column, which represent the specific conductance of the unhydrolyzed 
salt, were obtained by subtracting those in the sixth column from those 
in the fifth. The numbers in the eighth column show the specific conduct- 
ance of the salt when present alone in water at the same concentration ; 
they were calculated by multiplying the equivalent conductances given in 
table 35 by the concentration of the salt in the mixture in question. The 
ninth column contains the differences between the values of the two pre- 
ceding columns and shows the decrease in specific conductance produced 
by the addition of the acetic acid. The last column shows the percentage 
value of the decrease, referred to the specific conductance of the unhydro- 
lyzed salt given in the seventh column. 

In connection with these results it may be first stated that the values 
of the equivalent conductance for unhydrolyzed sodium acetate at 156° 
and 818° already included in table 36 were computed by dividing the mean 
specific conductance of the "salt in mixture," given in column 7, of table 
44 by the mean concentration given in column 3, and then interpolating 
the values for round concentrations and calculating those for zero concen- 
tration in the way described in the statement preceding table 36. 

It will be seen from the values for the percentage decrease of the spe- 
cific conductance given in the last column of the table that only at 218°, 
and perhaps in the most dilute solution at 156', are the values greater than 
the probable experimental error. We shall therefore calculate the hydrol- 
ysis corresponding only to these values. In order to make this calcula- 
tion, it is necessary to know, in addition to the foregoing data, the specific 
conductance of sodium hydroxide. Values for the equivalent conductance 
of this substance have recently been obtained by Noyes and Kato in this 
laboratory, and are presented in table 58, section 67, Part VI, From these 
the specific conductance at any concentration can be readily calculated. 
The values for sodium acetate at various concentrations are given in the 
foregoing table in the column headed "salt in mixture." The difference 
in the specific conductances of these two substances at any concentration 
represents the decrease of specific conductance which would be observed 
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if the total quantity of sodium hydroxide in a solution of it were trans- 
fonned into sodium acetate. Assuming now for the moment that the 
degree of ionization of each of the two substances in a mixture of them is 
substantially the same as if it were present alone at the same total concen- 
tration, it is evident that the ratio of the observed decrease in specific con- 
ductance produced by the addition of the acetic acid to this calculated dif- 
ference in the specific conductances of the two substances is equal to the 
degree of hydrolysis of the salt or to the proportion of it that exists in 
the state of hydroxide; provided, of course, the addition of acid has been 
sufficient to reduce the hydrolysis to appreciably zero. That the actual 
ionization relations are in fact those Just assmned will be evident from 
the following considerations. Since the hydrolysis is small, the concentra- 
tion of the sodium acetate will not be greatly changed when the hydroxide 
is converted to acetate, and, therefore, the new sodium acetate will have a 
degree of ionization and equivalent conductance substantially equal to that 
of the main quantity of the salt. Moreover, even though the hydroxide 
exists in the presence of a much larger proportion of the acetate, its degree 
of ionization and equivalent conductance will have that value which it 
would have if it were present alone in water at a concentration approxi- 
mately equal to the concentration of the acetate, in virtue of the principle 
that, in a mixture of two largely and nearly equally ionized electrolytes, 
each has that degree of ionization which it has when present alone at a 
concentration equal to the sum of the concentrations of the two electro- 
lytes.* 

The following table contains the results of the calculation of the hydrol- 
ysis and also the data upon which it is based. The values given in the 
third and sixth columns are taken directiy from table 44. Those in the 
fourth were obtained by interpolating graphically the equivalent OMiduct- 
ance of sodium hydroxide from the results of Noyes and Kato and multi- 
plyit^ it by the concentration given in the second column. 

Tablz iS. — Hydrolysis of sodium acetate. 
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It is of interest in the first place to ccmpare the hydrolysis at 1S6* and 
218° with that at 18°. For this purpose we will select the values obtained 
at a concentration of \.&% or 1.69 milli-nomial ; for these are probably the 
most accurate of our results, since the hydrolysis was 1arg:est in these 
cases. At this concentration the degree of hydrolysis of the sodium ace- 
tate is 0.87 per cent at 1B6' and 4.3 per cent at 218°, while at 18° the value 
calculated from the ionization constants of water and acetic acid is only 
0.07 per cent The effect of temperature is therefore enormous. This 
arises in part from the decrease in ionization of the acetic acid, which has 
been already considered, but in still larger measure from an increase in 
the ionization of water, as will now be shown. 

The mass-action formula applicable to a hydrolysis of this type, where 
the salt and base can be regarded as equally ionized, and the acid as un- 
ionized is ^ T= -^ where h is the fraction hydrolyzed, C is the con- 
centration of the salt, and Kvi and K^ are the ionizatioo-constants of the 
water and acid respectively. By means of this the iontzation-constant of 
the water at 218° can be calculated, since the other three quantities in- 
volved are known. 

This calculation has been made with the help of the hydrolysis values 
of table 46 and the ionization-constants given in table 43. The data and 
results of the calculation (with the concentrations expressed in equiv- 
alents per liter) are given in table 46. By Ch is to be understood the con- 
centration of the hydr<^;en (or hydroxide) ions in pure water, the values 
being equal to the square root of Kyi. 

Tabu 46. — lonisa^n-eomtanU of taaler. 
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It will be seen that the ionization-constant of water is 115 times as 
great at 156* and 680 times as great at 218° as it is at 18°, for which tem- 
perature we have inserted the values derived by Kohlrausch and Heyd- 
weiller* from the conductivity of the purest water obtained by them. Cor- 
respondingly, the ionization itself or the concentration of the hydrogen 



*Wied. Amt. Phys., 53, 234 (1804). 
4t« Aufl., p. 644. 



See also Nemat, Theoretische Chemie, 
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and hydroxide ions in it is II times as great at 156°, and 24 times as great 
at 218% as it is at 18*. 

The disagreement between the two values of the ionization-constant 
at 218' derived from the hydrolysis data at different concentrations is 
doubtless due to experimental error in these data, and shows that that 
error is lai^e. These values of the ionization-constant are therefore to be 
regarded only as very rough approximations. Far more reliable and accu- 
rate values have been since obtained by a similar investigation of the much 
more hydrolyzed ammonium acetate made in this laboratory by Noyes and 
Kato and by R, B. Sosman and presented in Parts VI and VII of this 
publication. 

59. SUMMARY. 

In this article have been presented the results of conductivity measure- 
ments at concentrations varying from 0.0005 to 0.1 normal and at the 
temperatures 18°, 100°, 156°, and 818° for solutions of hydrochloric acid, 
sodium chloride, acetic acid, and of sodium acetate alone and in the pres- 
ence of an excess of acetic acid. The equivalent conductance of these sub- 
stances at zero concentration was determined by extrapolation or through 
the law of independent migration-velocity ; and the ionization at the vari- 
ous concentrations was calculated. The hydrolysis of sodium acetate at 
1S6° and 218° was also roughly detennined from the decrease in conduct- 
ance produced by adding acetic acid to its solution ; and from this hydrol- 
ysis and the ionization-constant of acetic acid, the ionization of water itself 
was estimated. 

The equivalent conductances at zero concentration of hydrochloric add 
and sodium acetate both approach that of potassium or sodium chloride 
as the temperature rises, thus again exemplifying the principle that 
the relative velocities of different ions approach equality with rising 
teti^rature. 

The ionization (y) both of hydrochloric acid and of sodium acetate, 
though the former is several per cent larger, and the latter several per cent 
smaller, under comparable conditions, than that of the neutral salts of 
the same type previously investigated (see Parts II and IV), yet varies 
with the concentration (C) according to the same exponential law, 
(Cy)"/C'(l—y) = const, where » = 1.38 to 1.47, as does that of the 
other uni-univalent substances. The ionization of both these substances 
decreases with rising temperature, slowly between 18° and 100°, but 
more rapidly at the higher temperatures. The ionization of acetic 
acid also decreases steadily with increasing temperature, its ionization- 
constants multiplied by lO" being 18.8 at 18°, 11.1 at 100°, fi.4 at 156°, and 
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1,69 at 218°. It conforms fairly well to the mass-action law at all tem- 
peratures. 

The hydrolysis of sodium acetate proved to be rather small even at 
S18*, being only about 1 per cent in 0.01 nonnal solution, and could not 
therefore be accurately determined. A rough estimate of the lonization- 
constant of water (Jfw = Ch X Coh) based on the hydrolysis data gave at 
218° the value 372 X lO"", which, when compared with the value at 18' 
(0.6 X 10*'*), shows the enormous increase produced by temperature. 
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Part VI. 

Conductivity and Ionization of Sodium Hydroxide 
UP to 218" and of Ammonium Hydroxide and 
Chloride up to 156°. Hydrolysis of Am- 
monium Acetate and Ionization of 
Water at 100° and 156". 

By Arthur A. Noybs and Yocoro Kat*. 
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Part VI. 

CONDUCTIVITY AND IONIZATION OF SODIUM HYDROXIDE UP TO 

218° AND OF AMMONIUM HYDROXIDE AND CHLORIDE UP 

TO I56^ HYDROLYSIS OF AMMONIUM ACETATE AND 

IONIZATION OF WATER AT 100° AND 156°. 



60. OUTUNE OF THE INVESTIGATION. 

The investigation of Noyes and Cooper (Part V) having shown that 
the hydrolysis of sodium acetate was not great enough at 100° or 156* to 
permit of the calculation of the ionization of water, we were led to under- 
take a similar study at these temperatures of ammonium acetate, a salt 
of a much weaker base whose hydrolysis would therefore be far more 
considerable. In this case it would be practicable to reduce the hydrolysis 
by the addition of an excess both of the acid and of the base, since both 
are only slightly conducting substances; and there would result an 
increase (instead of decrease) of conductivity corresponding almost exactly 
to that of the new quantity of ammonium acetate thereby produced out of 
the free acid and base originally present. As it would, however, hardly 
be possible in this case to reduce the hydrolysis completely to zero, the 
equivalent conductance of the unhydrolyzed salt can not be directly meas- 
ured, and must therefore be regarded as an unknown quantity, but this 
can be eliminated by making conductivity measurements with different 
quantities of acid or base added. 

The calculation of the ionization-constant (Kv) of water from the 
hydrolysis (h) of the salt, which is made approximately by the mass- 
action expression /Cw = A^aXbt— _ - ..; , involves a knowledge of the ioni- 
zation-constants (Ka and Kb) of the acid and the base. That of acetic 
acid at the temperatures in question has already been determined by Noyes 
and Cooper (section Ii6, Part V) ; but no data in regard to ammonium 
hydroxide exist. We therefore first investigated the conductivity of this 
base at 100° and 156° (making also a few measurements at 51°, 75°, and 
125° to assist in applying the temperature corrections) ; and, in addition, 
in order to obtain the data for calculating with the help of the law of the 
independent migration of the ions the equivalent conductance A, of the 
completely ionized base, we determined the conductivity of sodium hy- 
droxide and of ammonium chloride at 100° and 156* at low concentrations 
(0.002 and 0.012 normal). The measurements with sodium hydroxide 
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were extended to 318*, as the data at this temperature were needed in 
interpreting the results of Noyes and Cooper ; and also to the higher con- 
centration of 0.05 normal on account of the interest attaching to the 
results themselves. 

After describing the apparatus and method used in all the experiments 
and the preparation of the solutions, we will first present the results ob- 
tained with the three substances last referred to, and then in separate 
sections will present and discuss the hydrolysis experiments with ammo- 
nium acetate. 

61. APPARATUS AND METHOD Of PROCEDURE. 

The same bomb was employed as in the investigation of Noyes and 
Cooper (section 47, Part V) in the form designated by them as cell lu, 
that is, with a cylindrical platinized platinum-iridium electrode. The same 
heaters were also used. The measurements at 51*, tb', and 125* with the 
ammonium hydroxide solutions were made in the liquid xylene bath oxn- 
monly used at 18*. It was heated electrically by means of a nickel-steel 
resistance coil immersed in the xylene. The same three thermometers 
were used in the 18°, 100*, 166*, and 218° baths as before. That used at 
166* and 318* was also employed in the few measurements at 1S6*. The 
100* point of the French thermometer (No. 66660) used in the bromben- 
zene and naphthalene vapor-baths was frequently tested by heating in steam 
in the usual Regnault apparatus. The Beckmann thermometer used in 
the 100° bath was similarly tested. As in all the preceding researches, the 
temperatures above 100° were reduced to the hydrogen-gas scale by means 
of Crafts's table of corrections after modifying them in accordance with 
the lower value for the boiling point of pure naphthalene found by 
Jaquerod and Wassmer. A fourth theimotneter was employed in deter- 
mining the temperature of the liquid xylene bath when used at 51* and 76°. 
This tfiermometer was standardized by comparison with a thermometer 
certified by the deutsche physikalisch-technische Reicbsanstalt. A new 
conductivity measuring apparatus of the roller type described by Kohl- 
rausch and Holbom* was employed. It was calibrated as described in the 
preceding parts. The maximum correction on the bridge-ratio at any 
point was 0.06 per cent, that on the resistance coils 0.02 per cent, but 
these corrections were always applied. The induction-coil was a small 
one of the ordinary form. Tlie procedure followed in the ejqwri- 
ments was neariy the same as in ^e preceding investigation. In fill- 
ing the bomb with the solutions especial care was taken to avoid con- 
tamination from the carbon dioxide of the air. Some of the solution 
was forced by purified compressed air out of the bottle attaining it 

•Lcitvennocen der Elektroljtc, IBM, p. U, &«. 37. 
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into a pipette filled with purified air, and this solution was run into the 
bomb which was Icept covered with a perforated watch-glass. (Some of 
the same solution had usually been left standing in the bomb over night.) 
The liquid was shaken around the sides of the bomb and poured out by 
sligbtly raising the watch-glass. This rinsing process was twice again re- 
peated. Then a quantity of solution sufficient to nearly fill the bomb at the 
highest temperature (156* or 218°) to which the experiment was to be 
carried was forced into the pipette (one of suitable capacity, 113 or 104 
ccm., with an appropriate mark on the stem being used), and was run 
into the bomb, whereupon the watch-glass was removed and immediately 
replaced by the cover, which had been previously rinsed with solution and 
placed bottom downwards on washed filtered paper, which removed most 
of the adhering solution. Experience showed that portions of the same 
1/30 normal (or even 1/100 normal) amnKmium hydroxide solution, al- 
though extremely sensitive to contamination by carbon dioxide, could be 
successively introduced into the bomb in this way without showing a 
greater difference in conductance than 0.1 per cent. In the sodium 
hydroxide experiments, the air pressure in the bomb was reduced after 
closing it to 2 to 4 cm. mercury, but with the solutions of the other sub- 
stances (which were carried only to 156°) the air was not exhausted. At 
each temperature after the bomb had nearly attained the temperature of 
the bath it was removed, shaken, and at once returned to the bath. After 
the conductance seemed constant, a series of three readings was made at 
5-minute intervals and the mean of these was taken ; except that in the 
case of sodium hydroxide at S18*, where a slow progressive decrease of 
conductance was observed, the maximum value was taken.* In the case 
of this substance at 218", moreover, in order to reduce the contamination, 
the solution was transferred from the 18* directly to the 218' bath, and 
the values at 100* and 166* were determined by separate experiments. 
In almost all experiments the conductance was remeasured at 18° after the 
heatings as a check upon the contaminati<m. 

*That the pn^euive change was not very large with even a i-miUJ-nonnal sodium 
hydroxide solution at 218° is shown by the following conductance values obtained 
with such a solution at the times after die bomb was introduced into the 818* bath 
that are shown in the first column of the table. Shaking the bomb caused very 
little change in '"^ - ' — 
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62. F«EPARATION OF THE SUBSTANCES AND SOLUTIO^e. 

Two separate solutions of sodium hydroxide were used in this work. 
Each was prepared by mixing a solution of sodium sulphate with one 
of barium hydroxide. These two substances were first purified by crystal- 
lizing commercial "chemically pure" samples four times from water. The 
sodium sulphate was then tested for impurities with negative results by 
adding ammonia, ammonium carbonate, and sodium phosphate. The 
barium hydroxide was first tested for silica or other insoluble matter and 
for other metals than barium, but these were not present in appreciable 
quantity.* In preparing the sodium hydroxide solutions, a nearly satu- 
rated barium hydroxide solution was first made up with conductivity water 
and filtered into a tared 7-liter bottle filled with carbon-dioxide-free air; 
the exact strength of this solution was next determined by titrating a 
portion with standard hydrochloric acid, and the quantity of it was ascer- 
tained by weighing the bottle ; a quantity of sodium sulphate equivalent to 
the barium hydroxide was then weighed out, dissolved in water,, and run 
into the bottle. After the precipitate had settled, two portions of the clear 
solution were drawn out, and one was analyzed for barium by neutralizing 
with sulphuric acid and adding considerable sodium sulphate, the other for 
sulphate by neutralizing with hydrochloric acid and adding considerable 
barium chloride.f Then a quantity of sodium sulphate or of barium hy- 
droxide solution corresponding to the excess of barium or sulphate thus 
found to be present was added to the main solution; and this solution, 
after the precipitate had completely settled, was forced over into a clean 
dry bottle. Throughout these operations and in the subsequent use of the 
solution any air that was admitted to the bottle Had to bubble throu^ 
potash solution and soda-lime tubes. The final solution contained less 
than 0.1 per cent of barium sulphate (expressed in equivalents and referred 
to the sodium hydroxide present).^ It was standardized by weight 
using phenolphthalein as an indicator against a pure hydrochloric acid 

*This was done by evaporating E grams of the solution with hydrochloric acid, 
dissolving the salt in water, and collecting the residue, which was found to weigh 
2.5 mg. or 0.05 per cent of the original weight, but of this only 0.5 mg. or O.OI per 
cent volatilized with hydrofluoric acid. To the filtrate from the residue a slight excess 
of sulphuric acid was added, the precipitate filtered out, the filtraie evaporated, and 
the residue ignited and weighed; it was found to weigh only 1 mg. or 0.08 per cent 

fThus in the case of the second solution so pr^ared, there was found to be an 
excess of barium of 0.13 and of sulphate of O.OS mil I i -equivalents per kilogram; and 
therefore O.OS milii-equivalents of sodium sulphate were added for each kflograni of 
solution. 

{Thus it follows from the data of the preceding note that the second solution con- 
tained 0.08 milli-equivalcnts BaSO< per kilogram, which is O.OS per cent of the KaOH 
present (IOS.3 milli-equivaleats). 
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solution whose content had been determined by precipitation with silver 
nitrate to be 137.37 milli-equivalents per kilogram of solution.* 

Sc^ution No. 1 was thus found to contain 151.00 milli-equivalents 
NaOH per kilogram ; solution No. 2, 106.3S milli-equivalents. The more 
dilute solutions (0.06 to 0.003 normal), whose conductance was actually 
measured, were prepared from these stock soluti<Mis by adding weighed 
porticHis of them to weighed quantities of water. The water used for 50 
and ISO milli-normal solutions had a specific conductance at 18° of 
0.9 X lO-* ; that used for the diluter solutions one of 0.6 X lO"*. Two or 
three independently diluted solutions were always prepared at the concen- 
trations of 4- and 2-milli-normal. The reduction of content from milli- 
equivalents per kilogram to milli-equivalents per liter at 4° was made with 
the hdp of the specific gravity (1.002) in the case of the 60 milli-normal 
solution ; but this correction was insignificant and was not applied in the 
case of the more dilute solutions.t 

Three separate stock solutions of ammonitun hydroxide, each approxi- 
mately 0.1 normal, were prepared in the course of the work from water of 
conductivity 0.5-0.8 X 10^ and from a "strictly chemically pure" sample 
of ammonia water (sp. gr. 0.90) furnished by Baker and Adamson of 
Easton, Pennsylvania, and stated to be free from amines and hydrocar- 
bons. Ten cubic centimeters of the strong ammonia yielded only 1 mgm. 

•Derived from the following data: 

Grama aolutlon tdnn 111.14 Ut.lt 91. tl 

Gi-ami A(CI obtained 1.2121 l.Otgg l.TS>4 

MiUiHKiiiiv. per kilogram. .IIT.M ItT.tl ItT.44 

The weights of silver chloride were reduced to vacuo. The atomic weights used 
were Ag^l07.93, C1=:3S.46. The equivalent conductance of the solution was also 
determined at 18° in a U-shaped cell and found to be 348.0 while Goodwin and 
Haskell (Phys. Rev., 1», 382, 1804) found 347.8 for the same solution. 

tAfter the conductance measurements were completed 481.3 grams of the seoond 
solution were (December 12, 1904) acidified with hydrochloric acid, evaporated to 
dryness, and the residue was heated to 200° and weighed; it amounted to 3.997 
grams, which if regarded as NaC! would correspond to a content of lOfl.S millimols 

eer kilogram solution while that found earlier 1^ titration was 105.3. Exactly one- 
alf of Uiis excess of 1.1 per cent was found to be due to silica (or some other sub- 
stance insoluble in strong acid), which had apparently been taken up from the bottle 
since the solution was first prepared (October 22, 1904). About one-half of the 
remainder consisted of barium sulphate or sodium sulphate; for this amount was 
precipitated when barium chloride was added to the nitrate from the silica after 
evaporation to remove the acid present. These impurities certainly could not have 
nearly so great a percentage effect on the conductance as upon the total solid-con- 
tent, both because of their having a lesser equivalent conductance than the base, 
and because they tend to compensate each other, acids like silica reducing and salts 
increasing the conductance. Still their presence might possibly give rise to an error 
of O.S per cent in the equivalent conductance of the base. That the stock solution 
was not much contaminated with carbonic acid was shown by the fact that even at 
the end of the measurements it gave no precipitate with a large quantity of barium 
hydroxide. The conductance ot a 2-mi1limolal solution prepared from the second 
stock solution on December 1 to 4 was greater than that of one so prepared on 
November 10 by only 0.2 per cent at 18°, which is within the experimental error at 
that concentration, diowing that little if any change with die time took place. 
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of residue ; and a combustion of 0.86 grams of solution (containing 0.60 
gram or 14.3 millimols NH,OH) gave 3.2 mg. BaCO,* corresponding 
to 0.5 mg. or 0.011 millimtrt CO,. Special precautions were taken to 
exclude carbon dioxide in diluting the solution. Neither the original sam- 
ple nor the stock solution prepared from it gave the slightest turlndity 
with barium hydroxide even on standing. The absence of any consider* 
able impurity is also confirmed by the agreement (within 0.01 per cent) of 
the conductance of the stock solutions with that of one prepared by 
R. B. Sosman in this laboratory from liquid ammonia distilled frcmi 
sodium. The three separate solutions prepared by us at different times also 
agreed in conductance within 0.1 per cent. These stock solutions were 
standardized by titration, using methyl onuige as an indicator, against a 
new hydrochloric add solution which by precipitation with silver nitrate 
was found to contain 115.38 milli-equivalents per kilogram solution.f The 
more dilute solutions (30 and 10 milli-nonnal) were prepared from 
weighed portions of the stock solutions by adding weighed quantities of 
water of specific conductance 0.5 X 10^ entirely out of contact with air 
containing carbon-dioxide. No correction was applied to reduce the con- 
tent-by-weight to volume concentration at 4°, since this amounted to less 
than 0.1 per cent even with the 100 milli-normal solution. The concentra- 
tions of the three stock solutions in milli-equivalents per liter at 4° were 
as foUows : No. 1, 97.07 ; No. 2, 99.90 ; No. 3, 103.59.^ 

The ammonium chloride used was made by neutralizing some of the 
"strictly chemically pure" ammonia water above referred to with freshly 
distilled "chemically pure" hydrochloric acid,and crystallizing the salt three 
times from hot water by cooling. The salt was dried by heating in an open 

*Tbe products ot combustion were passed tbrou^ barium hydroxide solution and 
the precipitate filtered off out of contact with the atmosphere and weighed. 
tDerived from the following data: 

Solatlon Uken (KrnuVlOI.EB 104,11 148.0T lOt.lT 104.C 
t^ obtmlDcd ^uni). 1.71IB 1.717) 1.4Et 1.70*4 1.711 
UDIImoU per kno(run.lle.44 llE.4g 11E.4( llE.tt IIB.E 

The mean of these values is IIS.49, which reduced to vacuo becomes 11S.3B. The 
equivalent conductance at 18° was found to be 34B.9 while the value of Goodwin 
and Haskell interpolated for this concentration is 3fi0.2. 

^Derived from the following data : 

Stocfc Solution No. 1: 

SolnUon UlwD (giutu). 181.78 I78.g« 119.07 

BO »lotiDn lued do. . lEt.7S ItO.El lOO.K 

Milli^qDlT. per Ulonim. 9T,0T ST.OS B7.D* 

The mean of thcK value* b B7.0T. 
Stock Soltttlon No. 3: 

SolatloD t*ken (sruu). 1I1.3E ISt.TS 116.(6 

Ba»lationiued do.. 140.E1 llfi.84 1D0.9E 

Ufflteqnir. per kJJocnm. ii.tt 19.91 99.8T 

The mem of tbcu Tiloes ii SB.IO. 
Stock SolnUon No. S: 

Solution taken (graiu). KI.TT 17B.E0 11«.47 

BOtolutloniiKd do. . 141.84 IBB.M lOl.Gl 

Hn]I.e<ialT. per kaogrtm. 101. tl 101.61 101.E8 

Tlirmean ot thcM ytloe* im lOl.EB. 
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Section 63. — Conductance-Capacity, 1^9 

dish in a slow current of dry air at 105'. The loss of weight became cwi- 
tinuous and quite uniform being due doubtless to vaporization of the salt. 
A nearly 0.1 normal solution was made by weighing out the salt and dis- 
solving in a weighed quantity of water. The exact content was 93.56 
millimols per kilogram solution, and this agreed closely with the content 
(93.64) determined as a check by precipitation with silver nitrate.* In 
most of the experiments with this salt about •fa an equivalent of ammo- 
nium hydroxide for each equivalent of salt was added, in order to make 
the hydrolysis inappreciable. The ammonium hydroxide solution used 
for this purpose was a fourth one, about 0.1 normal, freshly prepared from 
the strong ammonia ; its conductance was about the same as that of the 
other solutions when freshly prepared. 

A stock solution of ammonium acetate, approximatdy 50 milli-nonnal, 
was prepared by mixing a definite weight of ammonium hydroxide solu- 
tion (No. 3), with that weight of an approximately 100 milli-nonnal 
acetic acid solution which contained a quantity of the acid exactly equiva- 
lent to the base. Tliis acetic acid solution was made by diluting with 
water of specific conductance 0.8 X lO"* glacial acetic acid purified by 
fractional freezing and by distillation. It was standardized, using phen- 
olphthalein as an indicator against a barium hydroxide solution which had 
been titrated against the hydrochloric acid solution last referred to. The 
exact concentration of this acetic acid solution was 105.58 milli-equivalents 
per liter at 4* (105.44 at 18') and its equivalent conductance (not cor- 
rected for the conductance of the water) was 4.57. The value obtained 
by Noyes and Cooper (interpolated by the equation A*C = const.) for this 
concentration was 4.66, in as good agreement as could be expected with 
entirely independent samples and solutions. 

63. THE CC»«XXrrANCE-CAPACnY OF THE AFTARATUS. 

The conductance-capacity of the bomb was determined by measuring 
the actual conductance at 17.93'' of 0.02 and 0.01 normal potassium chlor- 
ide solutions prepared by dissolving 1.4910 or 0.7466 gm. of salt (weighed 
in air) in one liter of water (of conductivity 0.7-0.9 X lO"* at 18") at 
18', and dividing this after correcting for temperature and conductance 
of the water into the specific conductances of these solutions (S399 
or 1324.3 X 10^) corresponding to the equivalent conductances at 18* 
given by Kohlrausch and Maltbyf (119.96 or 122.43). 

*As shown by the foUowing data : 

Solatjon Ukea (stuia). M.Bl »6.U lll.tl 

AeCI obtained Ottat). 1.S0S0 I.IIBO ].«4S1 
Ifmbiida per kSogrtm. St.T4 M.IS St.TE 

The mean is 93. T3 or when the weights are reduced to vacuo it becomes 93.04. 

tLandolt-Bomstein-Mcyerhoffer, Tabellen, 744 (1905). 
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The following are the data of these determinations, all of which were 
made at 17.93' : 

Tabu 47.— ComdtictOHce-capacHy of tht bomb. 



Daw. 


MIIII«|llT>. 


c..^„xm 


(•»»■■?. 




CoiiicM.* 


Sept 30, IBM 

Sept M, IBO* 

Feb. 16, 1906 

Feb. 16, IBOS 

Feb. 18, leos 

Feb. 16, 1908 

June 4, 190S 

June 4, 1905 

Final mean 


20.00 

10.00 
10.00 


16,170 
10,183 
U,1»0 
16,188 
8,2*9 
Sfitl 
8,268 
8,260 


16,104 
16,201 
164!09 
16,207 
8,276 
M78 
8^4 
8^75 


0.14812 
0.14802 
0.14791 
0.147BS 








0.14800 



■ To Itfi (Bd for the efndactuicc ol tfae wtttr. 

It is evident fr(»n these results that the change of the conductance- 
capacity with the time and the difference in the values of it determined 
with the two solutions is trivial. The mean value, 0.14800, is therefore 
employed in all the calculations of this article. 

The change of the conductance-capacity with the temperature was cal- 
culated by the method and with the help of the data described in section 
36, Part IV. The only really significant factor in this case determining 
the correction was the expansion of the platinum-iridium electrode, which 
had a height of 9.81 mm. and a diameter of 7.19 mm. The computation 
shows that the conductance-capacity at 18* should be decreased by the 
following percentage amounts at the following temperatures: 60' by 
0.05; 75' by 0.07; 100' by 0.10; 125" by 0.14; 156' by 0.18; and at 818" 
by 0.26. These corrections were always apphed. 

Measurements of some of the sodium hydroxide solutions were also made 
in a U-shaped vessel. The conductance-capacity of this was determined by 
measuring in it a 0.1 normal solution of potassium chloride made by dis- 
solving 7.465 grams of the salt (weighed in air) in one liter of water at 
18*. The equivalent conductance of this solution was taken to be 112.03 
as given by Kdilrausch and Maltby. As an accident happened to one of 
the electrodes in the course of the experiments, the capacity had to be 
redetermined, so that there are two values designated "Cell i" and "Cell 
II." The data obtained at 17.93* are given in table 48. 
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Section 64. — The Water Correction. 
Table 4i.—CondMcimee-eafaeiiy of tht M-thaped vessel. 



.... 


C*ll. 


C«4.ct.n» X 10". 


(■i.«iff. 


0^^.. C<,„J5... 


IMM 
Oct 17.... 
Oct 17.... 
Not. 4.... 
Not. 4.... 


I 
I 
II 
II 


1,322.9 1,324.9 
1,322.8 1,324.8 
1,318.4 1,320.4 
1,317.8 1.319.6 


1 "« 

} 8.489 



64. THE WATER CCMWECTION. 

Since impurities in the water tend to decrease the conductance of strong 
bases, no correction for the conductance of the water was applied to the 
results witfi sodium hydroxide. Nor was any correction applied to those 
with the 1/40 normal ammonium acetate solution, since the correction 
was less than 0.05 per cent. In the other cases (the ammonium hydroxide 
and chloride and 1/100 normal ammonium acetate solutions) a correction 
was applied, which was determined by heating pure water in the bomb 
(after it had been freed as far as possible from absorbed substance by a 
previous heating at 156° with water), making the time of heating at each 
temperature the same as in the usual experiments. The results obtained 
are shown in table 49. 

Table ti.^Actual eondtictance (XlO*) of water in the bomb. 



Dm. 


18° 


l«f 


IM". 


riid>i. 


nnml. 


iBlllll. 


Flnil. 


1905 
Jane s... 
Jane «... 

JUM 7... 

Mean ... 


3.1 
S.7 
3.4 


4.B 
S.9 
4.7 


13.0 
19.7 
13.7 


15.3 


23.9 
27.2 
34.0 


4.1 


B.2 


14.1 


15.3 


25.3 



These corrections were subtracted from the observed conductance of the 
solutions in the cases specified above. They form roughly the followii^f 
fraction of that conductance in the different cases : 



SibUIDH. 


Ultll- 
tqalTileou 


Tnrcti. 




NH,OH 


100 


IS 


—0.2 






ISS 


—0.5 






IS 


—0.6 








—1.8 


NH.C1 


2 


IS 


—0.2 






156 


—0.3 


NH,C3.0, 


100 


156 
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65. coNDUCnvrrv data for the soumoNs w sothum hydroxide. 

AMMONIUM HYDROXIKI, AND AMMCH41UM CHLORIDE. 

The following tables contain the direct results of the observations and 
the equivalent conductances computed therefrom. These original data 
are presented as a matter of record. All of interest that they contain will 
be seen in a more obvious way from the summary presented and discussed 
in the next section. 

The measurements with 20 and 50 milli-normal sodium hydroxide solu- 
tions are affected by an error arising iroga the polarization due to the small 
resistance of these solutions in the bomb. An accurate correction for this 
error can not be made, but to estimate its magnitude approximately three 
furly strong solutions of the base (21, 50, and 76 milli-normal) were 
measured at 18* both in the bomb and in the U-shaped vessel above 
referred to and designated cell i or cell ii, in which the conductance was 
only about one-sixtieth as great. The results of these measurements are 
first presented in table 50.* 

Table SO.-^onducHmty data for sodium hydroxide w different veuelt. 



p-. 


M.N~. 


c<i:. 


'^T^ 




.,.,^, „,.„.„. 


IcpVU. nl.«. 


M«i. 


Oct 19... 

Oct M... 
Oct 20... 

Not. 11.. 

Not. 11.. 
Not. 12.. 

Not. «... 

Not. 7... 

Not. 8... 


1 

h 

2 

2 

2 


Bomb... 
OeU I... 
Bomb... 
OeUIL.. 
Bomb... 
Bomb... 
OeU II... 


76.8 

00.22 1 
B1.06 I 
21.50 { 
21. SO 1 


lOMM 
101,430 

1,783.4 
1,785.0 

07.850 
07,800 

U87.0 
1,196.8 

20,290 
2S;230 
29,240 

29.880 
29,S40 

S20.3 
520.8 


190.24 
190.12 

197.08 
197.26 

IBB.O 
190.8 

200.7 
200.6 

205.6 
205.4 
205.5 

205.7 
20S.4 

90S.5 
200.6 


j 190.18 
[ 197.17 
I 100.80 

[ 200.65 
203. SO 

1 205. SS 
205. 5S 



It is evident from these results that when the conductance in the bomb 
does not exceed 30,000 X lO"* the difference between the equivalent con- 
ductance derived from it and that derived from the measurement in the 
U-shaped cell is inconsiderable ; but that the difference is 0.5 per cent when 
the conductance is 100,000 X lO"*. Although it is uncertain whether this 

*Tho» OD October 19-20, 1004, were made with ■ aolution prepared by diluting 
stock solution No. 1, which was then three months old. The at»olQte values are 
therefore not accunte. 
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Section 65. — The Conductivity Data. 163 

difference between the true value and that derived from the measurement 
in the bomb would be substantially the same at different temperatures, 
and whether it would be proportional to the conductance of the solution, 
it has nevertheless seemed to us that values nearer the truth would be 
obtained by applying a correction to our results with sodium hydroxide in 
accordance with these assumptions than by leaving them uncorrected ; for 
there is certainly some error in this direction. We recognize, however, 
that there may still be an error in the corrected results as great as the 
correction applied ; and it is expected that more accurate data will be later 
obtained with a bomb containing the electrode within a cup to increase 
the resistance. The percentage correction actually applied was equal to 5 
times the conductance measured in the bconb; that is, it was 0.5 per cent 
when the conductance was 100,000 X lO^', 1 per cent when it was 
800,000 X lO-*, etc. This correction has been introduced in table 51 in 
the process of calculating the equivalent conductance from the observed 
conductance. 

The results obtained in the bomb with the solutions of sodium hydroxide, 
ammonium hydroxide, and ammonium chloride are ^ven in tables 51-63. 

The first column gives the date of the experiment ; the second, the con- 
centration at 4° in milli-equivalents per liter (the number of milli-equiva- 
lents being based upon the atomic weights referred to oxygen as 16.000 
and wei^ts being reduced to vacuo) ; the third, the temperature corrected 
for theimometric error at which the conductance was measured; the 
fourth, the concentration at the temperature of the measurements, calcu- 
lated by dividing the concentration at 4* by the corresponding specific- 
volume ratio* and in the case of the sodium hydroxide measurements 
at 156° applying the correction for the solvent in the vapor space ;t 

•The specific- volume ratio (that is, the ratio of the mecific volume of the solu- 
tioD at the temperature of the measurements to that at 4 ) was assumed to be iden- 
tical with that of pure water, the values determined by Noyes and Coolidge being 
used at 216°. This assumption is justified since &ey showed that up to 218° the 
cjqiansion of a 0.1 normal sodium chloride solution is identical with tKat of a 0.002 
normal solution. The values of the ratio are 1.0013 at 18°, 1,0125 at 61°, 1.0267 at 
75", 1.0432 at 100*, 1.0660 at 125*. L0978 at 166°, and 1.1862 at ai8°. 

fSince tiie bomb was usually filled so as to have a vapor-space of only 1 or 2 c.cm. 
at dther 166° or at 218°, the correction for the amount of the liquid vaporized was 
insignificant and was not as a nile applied, the only exception being in the case of 
the sodium hydroxide solutions at 156° where the vapor space was about 11 cent, 
and where the concentration was correspond ii^ly increased by 0.04 per cent In 
the case of the ammonia solutions the possibility existed that the solute also passed 
into the vapor space in appreciable quantity; but this was disproved by comparative 
conductivity measurements made with var^ng mianti'" '"" ' " " 

of solution in the bomb. Thus, a ST.07 millimolal M 
bomb the following conductances, the usual procedui 
each case : 496S and 4972, mean 4S70 at 100° ; 4735 
when 113 c.cm. at 18° were introduced: and 4964 and 4977, mean 4970, at 100*; 
and 4675 and 4703, mean 4689 at 166°, when 76 ccm. at 18° were introduced. There 
is seen to be no difference at 100° and one of only 1 per cent at I5fl'. Since the lat- 
ter arises from a difference in vapor-space of 40 c.cm., it is evident that the error 
would be intvpreciable when die vapor-space was, as was usual, about 1 c.cm. 
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the fifth, the measured conductance in reciprocal ohms, multiplied by 10* 
and corrected for (he instrumental errors — those in the slide wire and 
the resistance coils and for the lead resistance (0.03 ohm) ; the sixth, 
the equivalent conductance calculated from the v^ue of the conductance 
in the fifth column by applying the water correction (in the cases specified 
in the last section), multiplying by the conductance-capacity,* and divid- 
ing by the concentration given in the fourth column (also in the case of 
the 0.019 and 0.04d normal sodium hydroxide solutions applying the cor- 
rection for polarization described in the text following the experiments 
with this substance). In the experiments with ammonium chloride, a 
small quantity (about one-tenth as many equivalents) of ammonium 
hydroxide were added in order to eliminate entirely the hydrolysis possi- 
ble in such dilute soluticHis at the higher temperatures ; the tables there- 
fore contain additional columns giving the concentration of this substance 
and the conductance of the solution corrected for that of the ammonium 
hydroxide, which correction was calculated by the mass-action expression 

•rr- KsKa in which Cb and Cs represent the concentration of the base and 

Cg 

salt respectively, Kb the ionization-constant of the base (section 69, table 

64), and A, its equivalent conductance when completely ionized (section 

67, table 69). 

'Unless otherwise stated, all measurements were made in the bomb, whose con- 
ductance-capacity (constant ihroi^out the whole series of experiments) was 
given for each tenqterature in section ts. 
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Section 63. — The Conductivity Data. 
Tabu si. — CottductMiy data for sodium hydroxide. 





noM nx>cK fOLunoR ho. 


{PMPAUD lULT 20, 1H.) 










C«i«»CUl<>. 




i,.l»i«( 


■ 


•K". 


in 


11°. 


xwt. 




1904 












Aug. 17.... 


19.U1 


17.B3 


IB. 127 


2«,780 


807.4 






217.2 


10.198 




940.0 






17.03 


10.127 


20,630 


806.S 


Aoff. 18.... 


IB. 151 


17.B3 


19.127 


20,900 


208.3 






217.4 


10.194 


102,430 


941.0 






17.93 


19.127 


2^6S0 


206.4 


Adc. 18.... 


IB. 151 


17.93 


19.127 


20,820 


207.7 






217.4 


16.194 


102,490 


941.0 






17.93 


19.127 


20,660 


805.0 


Aug. IB.... 


19.151 


17.93 


19.127 


20,800 


207.0 






100.12 


18.357 


69.760 


662.4 






166.1 


17.440 


91,060 


774.9 






100.08 


18.157 


09.600 


602.7 






11.93 


19.127 


20,790 


207.6 


Ang. 20.... 


19.161 


17.93 


19.127 


20,780 


807.6 






100.20 


18.356 


69.410 


901.19 






165.0 


17.864 


90^880 


712.7 






100.20 


18.350 


09,360 


660.80 






17.93 


19.127 


20,743 


20T.1 


Aos. ».... 


1B.15I 


100.20 


18.856 


69.290 


600.23 






155.0 


17.457 


90^880 


772.7 






SIT.S 


16.161 


108,200 


939.1 






166.0 


17.457 


9O1I6O 


766.0 






100.80 


18.366 


98,260 


661.91 


Anc- £4.... 


49.08 


17.93 


49.02 


80,670 


801.9 






100.18 


47. B9 


171,640 


943.84 






155.7 


44.74 


283,600 


746.0 


Aog. 8S.... 


49.06 


17.93 


49.02 


00,630 


S01.7 






100.10 


47.89 


171,240 


642.9 






155.0 


44.74 


820,100 


734.6 






S17.4 


41.38 


245,000 


886.6 






165.6 


44.T4 


221.200 


738.7 






100.16 


47.80 


169,720 


637.8 






17.03 


4S.02 


05,800 


199.5 


Aug. 26.... 


4«.oe 


17.93 


49.02 


60,770 


20B.1 






100.16 


47.89 


171,600 


543.3 






155.0 


44.74 


223.900 


746.1 






100.16 


47.89 


171,520 


643.9 






17.93 


49.02 


60,710 


202.00 


ADf. 80.... 


49.08 


17.93 


40.02 


06,530 


801.4 






217.7 


41.38 


247,200 


892.8 






17.93 


49.02 


60,140 


200.2 


Aug. 30.... 


49.08 


17.93 


4B.02 


00,510 


201.4 






217.7 


41.38 


247,200 


892.8 






17.93 


49.02 


60,290 


800.7 


Aug. 31.... 


49.08 


17.93 


49.0S 


00,604 


201.0 






169.6 


44.74 


881,800 


740.3 






17.93 


49.08 


00,530 


201.4 
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Conductivity of Aqueous Solutions. — Part VI. 
Table 5L — Conductivity data for sodium kydtviide—Coatimied. 



noM STOCK MurnoH No. i <piibparbd oct. ». 


^MALTZBD NO¥ 


.3). 


Din. 




T«p™«™ 


C««.l»li« 






a*°. 


(n 


ul°. 


XIV. 




19M 












Not. 17.... 


8.974 


17.93 


8.970 


6,600 


811.4 






218.8 


3.344 


8,806 


909.1 


Not. 18.... 


8.»74 


17.93 


3.970 


906.3 


2U.1 






218.S 


8.844 


a;908 


907.4 






17.93 


3.970 


634.6 


199.28 


NOT. 19.... 


8.»74 


17.93 


3.970 


600.7 


211.3 






100.05 


3.810 


1.490.8 


978.4 






lS6.a 


3.828 


1.967.4 


808.3 






17.93 


3.070 


S63.6 


210.1 


Not. 22.... 


4.401 


17.93 


4.399 


629.8 


212.1 






217.S 


8.707 


2,601. 


994.4 






17.93 


4.305 


613.8 


S06.S 


Not. S3.... 


4.oe« 


17.93 


4.081 


673.8 


211.1 






217.3 


B.aoi 


S,101. 


999.0 






17.03 


4.021 


662.4 


207.0 


Not. 25.... 


4.020 


17.93 


4.081 


678.8 


811.2 






99.57 


3. 861 


1,501.1 


674.7 






15S.5 


3.669 


1,089.7 


BOl.O 






99.61 


8.861 


1,498.8 


578.0 






17.93 


4.081 


6T2.8 


210.0 


Not. 26.... 


4.026 


17.93 


4.021 


974.3 


211.4 






99.90 


3.860 


1.607.8 


577.2 






ica.8 


8.668 


1.995.S 


803.4 






09.90 


3.800 


1.904.2 


576.1 






17.93 


4.081 


973.9 


211.1 


Not. 2fl.... 


3.272 


17. 9S 


S.06T 


006.8 


211.6 






217.7 


3.346 


8*10. 


906.2 






17.93 


3.967 


550.0 


205.4 


Not. 30.... 


3.072 


17.93 


3.067 


S64.8 


810.5 






09.71 


3.809 


1,478.6 


573.9 






IH.l 


3.617 


1,966.6 


803.0 






90.68 


3.809 


1,476.9 


672.8 






17.93 


3.967 


502.4 


209.8 


Dec 1 


2.069 


17.93 


2.060 


296.3 


212.2 






99.79 


1.0839 


779.8 


681.1 






159.6 


1.SS53 


1,035.6 


811.8 






09.81 


1.9839 


778.9 


580.1 






17.98 


2.066 


294.0 


211.0 


Dea 2. 


2.069 


17.93 


2.066 


296.9 


811,0 






100.19 


1.9S32 


T80.9 


581. S 






169. 


1.8S48 


1,035.8 


811.3 






100.12 


1.9S32 


778.1 


580.0 






17.93 


2.060 


293.9 


210.2 


Dec 3. 


1.O02S 


17.93 


1.9900 


285.1 


812.0 






10D.S5 


1.0098 


763.4 


683.1 






156.2 


1.S147 


1,000.0 


814.0 






100.82 


1.9098 


790.6 


681.0 






17.93 


1.9000 


883.6 


810.9 


Dec 4. 


1.992S 


17.03 


1.9000 


8S4.8 


211.4 






100.0* 


1.0108 


798.3 


988.2 






155.9 


1.8168 


999.5 


818.3 






100.02 


1.9102 


749.0 


580.1 






17.08 


1.9000 


2S2.5 


810.1 
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Section 6^. — The Conductivity Data. 
Tabu SS.—CoHdietimty dalo fm 



raok 


rrocK loumoH He. i 


(PMPARID MHtlAKV 9. IMS.) 






C«aD>r. 


Tmnw 


c««..™. 


Canlici- 


l«<ilnl«l 






d«u4«. 


««.(". 


ri«il/°. 


.■>» X lO*. 






1905 














Jan. 13t-. 


32.44 


17.93 


32.40 


1400.9 


S.4S8 








99.S8 


31.10 


3,811 


13.287 








1S6.2 


29.64 


8,625 


13.005 




Jul 14.... 


32.44" 


17.93 


32.40 


1489.5 


6.416 




Jan. !«.... 


32.44 


17.93 


32.40 


1403.5 


6.433 








15S.S 


28.60 


2,061 


13.130 




Jan. 17.... 


33.08 


17.93 


33.04 


i;kh.4 


5.377 








W.77 


31.71 


2,841 


13.175 








150.0 


30.13 


2,670 


18.978 








17.93 


33.04 


1476.4 


5.241 




Jan. IB.... 


33.0S 


17.93 


33.04 


IJWW.S 


5.381 








100.03 


31.71 


2,851 


13.224 








IM.a 


30.11 


2,673 


13.980 








17.93 


83.04 


1496.7 


5.337 




Jan. SO.... 


33.07 


17.83 


33.03 


1,203.8 


5.376 








89.74 


31.71 


2347 


13.803 








155.0 


80.14 


2,670 


18.900 




Jan. 21.... 


93.07 


17.83 


33.03 


1,211.6 


5.410 








9e.9S 


81.70 


8,803 


13.288 








155.8 


30.13 


2,088 


13.104 




Jan. 27.... 


33.05 


17.93 


33.01 


1,207.8 


6.384 








98.91 


31.09 


2,800 


13.277 




Jan-sa... 


33.05 


17.93 


83.01 


1,207.1 


6.384 








09.80 


31.09 


2,870 


13.380 








157.1 


30.00 


2,705 


13.160 








89.76 


31.69 


2,864 


13.284 








17.88 


33.01 


1,206.3 


6.380 




Jan. 30.... 


33.06 


17.93 


33.01 


1,207.8 


5.394 








100.20 


31.88 


2,869 


13.380 








160.2 


30.09 


8,710 


13.173 








100.28 


31.68 


2.871 


13.326 








17.93 


33.01 


1,204.0 


6.378 




Jan. SI.... 


97.OT 


17.93 


86.99 


8,078 


8.166 








100.23 


83.04 


4,954 


7.S50 








150.3 


88.37 


4,657 


7.748 








100.18 


93.09 


4,850 


7.841 








17.93 


86.85 


8,075 


3.161 




Feb. I.... 


B7.07 


17.93 


90.85 


2.078 


3.160 








89.95 


83.07 


4,068 


7.870 








155.B 


88.41 


4,733 


7.869 








89.91 


93.07 


4.981 


7.888 








17.93 


96.99 


2,088 


3.178 




Feb. 8.... 


97.07 


17.93 


96.96 


2.088 


3.172 








99.88 


98.07 


4,971 


7.874 








165.9 


BS.40 


4,783 


7.807 








99.95 


83. (W 


4,981 


7.889 








17.93 


90.95 


2.083 


3.173 




Feb. 9.... 


9.9089 


17.93 


9.890 


056.S 


9.740 








90.91 


9.S00 


1,558.1 


24.02 








150.4 


9.019 


1,480.0 


23.84 








99.85 


9.600 


1.539.2 


23.71 








17.93 


9.890 


047.2 


9.003 
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Conductivity of Aqufous Solutions. — Part VI. 



Tabu 54.— 


EquivaUnt condtutanee of sodittm hydroxide at round trmperaturet. 


Dim. 




1^ 


VHP 


1J6° 


!18°. 


^TiK 


inldii. 


«■■!. 


Inltiil. 


n..i. 


lnHW. 


FI.J. 


19M 

AMg. 24.... 
Aug. 85.... 
Aug. 26.... 
Aoc. SO.... 
Aug. 30.... 
Aug. 31.... 

Uean ... 
Nov. U.... 
Aug. 17.... 
Aug. 18.... 
Aug. 18.... 
Aug. 10.... 
Aug. M.... 
Aug. 22.... 

Mean ... 
Not. 8.... 
Not. 17.... 
Not. is.... 
Not. is.... 
Not. 22.... 
Nov. 23.... 
Not. as.... 
Not. 2«. . . . 
Not. 29.... 
Not. 30.... 

Uean ... 

Doel 

Dec 2 

Dec 3 

Dec 4 

Mean ... 


4s.oa 

49.0S 
40.OB 
40.08 
40.08 
49.08 


202.2 

202.0 
202.4 
201.7 
201.7 
201.0 


803.8 
200.5 
801.0 
801.7 


643.2 
548.0 

642.B 


'637!8 
542.0 

"1542.8 


747.0 
•736.0 
747.4 

745.3 


'740! i 


sm'o' 

803.6 


49.08 


H)2.« 


t200.4 


542.7 


740.1 

'tmIo 


801.6 


50.31 
10.151 
lO.lSl 
10.151 
10.151 
10.151 
10.151 


t200.6S 
207.7 
208.6 
208.0 
207.0 
207.8 


(202.0 
206.6 
206.7 
805.0 
807.8 
807.4 


"m1.9 
560.4 
550.4 


1537.8 

"m.4 

560.0 
5S1.1 


"m.s 

774.1 
774.0 


041.6 
948.8 
04S.8 

'940'.i 


10.151 


208.0 


t20a.4 


560.6 


1561.3 


774.1 


708.0 


041.7 


21.55 
3.074 
3.074 
3.0T4 
4.401 
4.028 
4.0M 
4.026 
3.072 
3.078 


{205.55 
210.7 
211.4 
211.6 
212.4 
211.4 
811.5 
211.7 
211.8 
210.8 


(207. « 

•iooie 

210.4 
206.8 
SOT. 3 
210.0 
211.4 
S05.7 
810.1 


'in.i 
"m.i 

577.0 
'S75!2 


1551.1 
576.5 

'm.i 


'803;7 
808.7 




m'.i 

906.0 

'wk'.i 

097.6 

'ooeio 


4.038 


211.5 


}|810.0 


576.9 


675.3 


803.3 


:::::: 


006.0 


2.06S 
2.000 

i.oes 

1.008 


212.5 
211.9 
213.3 
211.7 


211.3 
210.6 
211. 8 
210.4 


582.0 
982.4 
682.0 
588.0 


580.0 
580.5 
580.1 
680.0 


812.5 
811.7 
813.2 
812.0 


2.031 


212.1 


210.9 


583.1 


580.4 


812.6 







' tirse deriadon. 



■ BUrked wflh ■ 



aiteriak have been omitted a 
the U-ih>ped cclL 



It will be seen from table S4 that the results of the separate experiments 
with sodium hydroxide agree closely with one another, very few of the ini- 
tial values deviating from their mean by as much as 0.S per cent A 
comparison of the initial and final values at 18* shows that heating to 156* 
produced a decrease of conductance of less than 0.3 per cent in the three 
stronger solutions and one of 0.6 per cent in the 2 miUi-normal solu- 
tion, but that heating to 318° decreased it by 0.8 per cent in the 49 and 
19 milli-normal and by 3.4 per cent in the 0.4 mitli-normal. The latter 
decrease is so large that in deriving the best value at 318° we shall 
increase the mean value by half this amount or 1.2 per cent, it being prob- 
able that the observed decrease in conductance at 18° had taken place in 
some measure at 318°. At 18* with the 49 and 19 milli-nonnal solutions 
the mean results obtained in the U-shaped cell will be adopted as the best 



d by Google 



Section 66. — Summary of EquivalenI Conductances. 171 

values, since these were not affected by polarization. In all other cases 
the mean of the initial values will be adopted. 

Table 55 contains the results for ammonium chloride, which are derived 
from measurements with solutions of the salt containing about one- 
tenth as many equivalents of ammonium hydroxide (see table 53) by 
correcting the observed conductance for the conductance of the ionized 
portion of the base. In the case of the first two measurements (made on 
May 17), however, no free ammonia was added. 

Table S6. — BqiavdUHt conduclatice of aMmonium chloride at 
round temperatures. 



.... 






Eodh 






r:?i5f; 


18° 


vxP 


ISfiP. 


■■mil. 


nul. 


iBllllI. 


nul. 


1WI5 
HajriT... 
May 17. . . 

Maris... 

Maris... 

Mean.. 
Majreo... 
MariM... 

Ueao.. 


12 
12 


492 
493 


121.40 
121.49 










12 
IS 


513 
S23 


121.65 
121. S2 


121.72 
121.64 


379.5 
379. S 


'37912 


969.1 
570.0 


12 


S18 


121.83 ' 121.68 
136.62 127.83 
126.53 1 127.65 


379.5 


379.2 

'ioils 


569.5 
605.0 
605.1 


2 


B7ai 
078 


398.4 
399.4 


2 


027 : 126.87 1 127.79 


398.9 


401.8 


eos.o 



The results of the separate experiments with ammonium chloride given 
in table 65 are in almost complete agreement The two measurements of 
May 17 at 18*, made with the salt alone without the addition of ammonia, 
show that no considerable contamination resulted in the other cases from 
the presence of the base. A comparison of the initial and final values 
shows that no change in conductance was produced by the heating in the 
18.5 miili-normal solution, but that there resulted from it an increase of 
0.7 per cent at 100° and of 1.0 per cent at 18°, It has therefore seemed best 
to decrease the value at 166° at S milli-normal by 0.6 per cent in order to 
eliminate this effect as far as possible. This will be done in table 68 where 
the best values are brought together. 

The initial and final values at 18* obtained with ammonium hydroxide 
(table 66) show that the heating had scarcely any effect on the 100 mtlli- 
normal solution, but that it caused a decrease of 0.7 per cent in the 33, 
and of 1 per cent in the lO-milli-normal solution. That this decrease, 
occurring in spite of the fact that abnost any contaminating substance 
either by its own conductance or through salt-formation would produce an 
opposite effect, is due to destruction of the ammonia by oxidation, has 
been shown in connection with experiments made at 218° by Mr. R, B. 
Sosman in this laboratory, which will be later described. The effect in 
our experiments was fortunately not so great as to produce an important 
error, and it has seemed best not to attempt to correct for it, since contami- 
nation tends to compensate it. 
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Condiutivity of Aqueous Solutions. — Part VI, 





Dut. 


Ho. irf 

MMk 
Hi. 


CBBiaun. 


18° 


100" 


IW. 




i»iti.i. 


Final. 


iBldd. 


rtial. 


Fsb. » 

Feb. 10 

Feb. 87 

Feb. 28. 

Jan. 13 

Jul 14 

Jan. 16 

Jan. 17 

Jul is 

Jul 20 

Jul 21 

Jul 27 

Jan. 28 

Jan. 30 

Feb. 25 

Jan. 31 

Feb. 1 

Feb. S 

Feb. 81 

Feb. 23 

Feb. 84 




».91 
».S3 

S2.44 
88.08 
33.0? 
33.05 
33.SS 
97.07 

99.90 


9.7SB 
9.758 
0.7S3t 
0.75»t 
S.43St 
5.485t 
S.443 
S.837t 
5.3B1 
S.885t 
S.420 
9.404t 
5.404 
8.404 
5.389t 
3.171 
3.171 
8.177 

s.ioet 
s.mt 

8.104t 


9.020 
9.883 
9.S6B 

9.683 

5.347 

sisio" 

5.388 
S.3T0 
3.166 
3.177 
3.178 
3.105 
3.103 
3.097 


24.03 
24.M 
83.88t 
83.9St 
13.3a2t 

isiisst 

13.283 

lS.S14t 
13.2S3 
lS.284t 
18.329 
13.311 
13.196t 
7.S4B 
7.871 
7.8TB 
7.627t 
7.643t 


83.78 

23.81 

131294' 

13.318 

7.837 
7.B91 
7.B90 

7;M7" 


28.88 

23.88 

88.50t 

":^! 

isaio' 

12.9T8t 
13.010 
18.9a8t 
18.101 

laim' 

13.180 

13.037t 
7.748 
7.861 
7.S0S 
7.480t 
7.S40t 

7.soet 


Mar. 17 

Uar. 18 




102.50 
102. SO 


UP 
3.082t 

a.oeit 


51' 


a.TOOt 

6.70*t 


10*' 
7.521t 
7.B20t 


W4.8" 
7.760f 
7.75«t 



The results show that in general lower values were obtained the fresfaer 
the soiuticMi, the differences being especially large at the highest tempera- 
ture (166"). In deriving the most probable values, we shall therefore 

Table B7.— f^wrni^f eomduclamc* of ommwimim hydroxid* at 
uniform toncentratiom. 



».. 


Ho. of 

•ol. 


sr„"!3r 


Uf. 


lOtf*. 


1S«». 


1905 
Feb. 21 

Feb. 23 

Feb. 94. 

May 17 

UarlS. 

Mean. 

Jan. 18. 

Jan. 17. 

JuLSa 

Jan. 27 

Feb. 28. 

Meant, 

Feh^27. 

Feb 8a 

Mean 


2 
S 
8 
3 

3 


»9.W 


8.108 
3.104 
8.104 
3.101 
3.100 


7.627 
7.643 

'7!8S8 
7.821 


7.490 
7.540 

7.508 




99.90 


8.103 


7.888 


7.513 


1 
1 
1 
1 
8 


88.07 


S.S88 
5.387 
8.388 
5.404 
6.400 


13.189 
18.188 
18.214 
13.284 

18.238 


12.888 
13.978 
12.938 




88.07 


6.392 


13.218 


12.068 


2 
8 


|..»,i 


B.78B 
9.799 


23.86 
83.05 


SS.SO 
83.56 




9.883 


0.758 


88.90 


23.53 
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Section 6j. — Equivalent Conductance at Round Concentrations. IJ3 

select the results obtained in the earlier measurements with each solution 
(those to which a dagger is attached in the table). In order to combine 
them, those at nearly the same concentrations have been reduced to a uni- 
form concentration at 4' by means of the formula A'C = const. As the 
agreement of the separate results can best be judged in this way, we give 
the so-obtained values in table 67. As the final values the mean of these 
will be adopted. 

Table 68 contxiins what we regard as the best values which can be 
derived in the way stated in the preceding paragraphs from the summaries 
of the separate values given in tables 54, S5, and S?- 

Table SB. — Best values of the equivalent condueloHce 
at round temperatures. 



■ooiDU unvniDi. 


srrr 


18°, 


100°. 


1S6°. 


!18=. 


2.031 
4.038 
21. S5 
10.151 
50.31 
40.08 


212.1 
211.8 
209.5 

2o6!fl' 


682.1 
570.0 

MO.i' 


812.6 
803.3 

774.1 


ioosis 




AUMO 


NtUM CHLO 


MD.. 




2.087 
12.4» 


12C.6 
121.5 


308.9 
379.3 


602.0 
540.6 






AMMO 


lUM MYDKO 


xma. 




9.853 
33.07 
00.00 


9.756 
5.302 
3.103 


23.90 
13.218 
7.«35 


23.58 
12.008 
7.513 





67. EQUIVALENT CONDUCTANCE AT ROUND CONCENTRATIONS. 

The values given in table 68 refer to a different concentration at each 
temperature owing to the expansion of the solution. In order to show the 
effect of temperature alone they must be corrected to a uniform concentra- 
tion at each temperature. This has been done with the values for sodium 
hydroxide and ammonium chloride by means of the empirical equation 
A, — Aj = ^(Cj* — C"i*), which states that the change of the equivalent 
conductance (A) at any one temperature is proportional to the change in 
the cube-root of the concentration (C^) ; and with the values for ammo- 
nium hydroxide l^ means of the mass-action expression ~ '^'^^ 

The results are given in table 59. Values extrapolated for a considerable 
interval are inclosed in parentheses. 
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If 4 Conductivity of Aqueous Solutions. — Part VI. 

Tabu S9.—Eqmvalent conductance at round concentrations. 





m«b™- 


IB". 


vxf. 


156°. 


118. 


Sodium 
hydroxide 

Ammoninm 
oUoride 

Ammonium 
acetate 




2 

4 
20 
40 
SO 



2 
11 
12.5 


10 
2S 


(216. 
212. 
211. 
205. 


S) 

B 
S 




694) 
582.0 
57«.fl 
559.4 


(835) 
813.5 
804.8 
770.6 
746.0 

(738.2) 

(628) 
600.9 
570.4 

(567.1) 

(623) 
456 
426 


(1060) 

ioos" 

030 


200. 


540.2 




(873) 




398.7 
380.7 
379.3 
(338) 
299.8 
286.5 














(98.8) 
91.7 
88.2 








*..-„« 


Cancciuia- 


18°. 


H". 


7S.2° 


i«P. 


124.*> 


15^. 


hydroxide 



10 
30 
100 


(238) 
8.678 
S.OM 

3.100 


(«M) 


(m) 
"(t'.'m 


(647) 
23.25 
13. SS 
7.46S 


(764) 


(808) 
22.31 
12.99 
7.170 






5.404 


7.757 



The values (A,) for zero concentration or complete ionization have been 
calculated for ammonium chloride and for sodium hydroxide except at 
218° by the graphical method which has been used throughout this series 
of investigations and is described in secti<m 17, Part II. Since in the 
case of ammoniimi chloride the data did not suffice to determine the value 
of the exponent n, this was assumed to be the same as for potassium 
chloride, namely, 1.42. The results with sodium hydroxide at 316° are 
not accurate nor extensive enough to make this method reliable. The 
value of A, at 218° given in the table is an estimated one derived from 
the value of A, at the lower temperatures and from the corresponding 
Ag values for sodium chloride and hydrochloric acid in the way described 
in section 84, Part VII. 

The values of A, for ammonium hydroxide have been calculated by add- 
ing to the difference between the values for ammonium chloride and 
sodium chloride that for soditmi hydroxide. The values for sodium chloride 
used were those given by Noyes and Coolidge, section 16, Part II, namely, 
109.0 at 18°, 362 at 100° and 665 at 156°. The Ao values for ammonium 
hydroxide at fil.O, 76.2 and 124.8° were interpolated graphically between 
those at the other three temperatures, and are less accurate than the values 
at the other temperatures. The concentrations are expressed in milli- 
equivalents per liter of solution. 

The values given for ammonium acetate at 18* and 100° are based on 
the specific conductance values for the unhydrolyzed salt ^ven below 
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Section 68. — Change of Conductance with Concentration. //5 

in table 67 under lba. They have been corrected to round concentrations 
by means of the cube-root function. The values at 166° are similarly 
derived except that a correction was first applied by subtracting from the 
concentration of the salt (Cba) that of the hydrolyzed portion still exist- 
ing even in the presence of the lai^i^t quantity of added acid or base. The 
A(, values are calculated from those for sodium acetate and chloride given 
in table 36, section 54, and those for ammonium chloride here given. 

It is of some interest to compare the results at 18° with those obtained 
previously by Kohlrausch * As far as the data are comparable they are 
placed side by side tn the following table. 



Taslx 60. — Conductivity rtsutts of dUfrreitt invtttigators. 



Tavtf 












A-«.»l« 








Itiilu. 


..&. 


r.^t 


NOTC* 

u<Kms. 


Eokl- 
IHKb. 


,^T».. 


««'i. 


18 


2 

4 
10 
12.5 
20 
30 
90 
100 


212.1 
2U.8 

'mis 


206 
2M 

'On" 
'iio' 


12« 


a 
s 


126.2 


"s'.M 

'i'.iit' 


"9.^' 

"'5.8 
"3.3 



The agreement of the ammonium chloride values is within about 0.3 
per cent. Kohlrausch's values for sodium hydroxide, however, are 4 to 5 
per cent lower than ours, and his value for ammonium hydroxide at 100 
milli-normal is 6 per cent higher. As Kohlrausch's data are derived from 
his earlier measurements made in 1885, it is probable that the discrepancy 
arises from impurities in the substances or water used by him, especially 
since his values for potassium hydroxide (331 at 4 milli-normal, 219 at 60 
milli-normal) after allowii^ for the difference in equivalent conductance 
of the potassium and sodium ions (21 or 19 units) accord within 1 per 
cent with ours for sodium hydroxide. 

68. CHANCE OF THE EQUIVALENT CONDUCTANCE WITH THE 
CONCENIKATION AND TEMPERATURE. 

With reference to the change of the conductivity with the concentration, 
we will limit ourselves to a consideration of the data for sodium hydrox- 
ide ; for those with ammonium chloride and acetate do not cover 3 suffi- 
cient range of concentration. 

*See Kohlrausch and Holborn's Leitvermogen der Elektrolyte, pp. IS9-1S0. 
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It may first be shown that this base, like the neutral salts, conforms 
fairly closely at all temperatures to the simple cube-root formula of Kohl- 
rausch (A, — A = KC^). Applying it in the fonn Aci — Ac, = KiC^ — 
C,*) we have first calculated the value of the constant K for C, =50 (at 
18° and 100°) or 40 (at 166° and 218°) and C, = 4, and have then calcu- 
lated the value of Aoi for the intermediate concentration C, = 20. The 
percentage deviations of the so-calculated values from the observed values 
pven in table 69 are as follows: At IS", +0.0; at 100°, — 0.4; at 
166°, — 0.8; and at 218°, + 0.3. These deviations are not greater than 
the possible experimental errors.* 

We have also determined graphically, by plotting — against (CA)""' as 

described in section 17, Part II, what value of the exponent n in the func- 
tion C(Ao — A)=/C(CA)" best expresses the results with sodium 
hydroxide at 18°, 100°, and 156°.f The values of n so determined are 
given in table 61. It will be seen that they correspond with the values 
obtained for the neutral salts, all of which lie in the neighborhood of 1.6. 

Tabu 61. — Values of exponent n in iHe 
function C(A.— A)=ii:(CA)". 



Ssbniiic*. 18^. 


iocP. 


15tf>. 


NaOH..... l.SO 


1.50 


1.90 



The effect of temperature has interest especially with reference to the 
values at zero concentration; for in these the ionic velocities are alone 
involved. The mean temperature-coefficients (AAo/A/) for sodium hydrox- 
ide and ammonium chloride are given in table 62. 



SibMIBCt. 


E«il»Kiii1 




c«_d.™« 


IB°-100°. 


ioo°-i56'>, ise'-zia". 


NaOH.... 31S.8 
NHiOl.... 130.7 


4.60 
3.47 


4.30 3.63 
3.80 



As in the case of hydrochloric add (see section 65, Part V) the temper- 
ature-coefficient of sodium hydroxide decreases rapidly and steadily with 

The values of the constant K when C is expressed in milli-equivaleats per liter 
are S.33 at 18°, 17.33 at 100°, 32.1 at 156°, and 61.9 at 218°. For purposes of inter- 
polation they may be used with A values between C=4 and C^SQ, but not with 
the A, values given in the table. 

tThose at 21S° are so affected by contamination in the more dilute and by polari- 
zation in tfae more concentrated solution as to make a study of the concentration 
function of little significance. 



d by Google 



Section dp. — Ionization values. 



m 



rising temperature, owing to a greatly decreased acceleration of the fast- 
moving ion. On the other hand with ammontum chloride, as with the other 
neutral salts previously investigated, the temperature-coefficient is greater 
between 100° and 166° than between 18" and 100'. 

It is also of interest to note that with sodium hydroxide as with other 
substances the velocities of the ions approach equaUty with rising tem- 
perature. The ratios of the equivalent conductance at zero concentration 
to that of sodium chloride and potassium chloride (see section 54, Part 
V) at each temperature are as follows : 



Finally, attention may be called to the fact that ammonium hydroxide 
like acetic acid at 0.1 to 0.01 normal exhibits a maximum of conductivity 
between 100° and 156° owing to the increase in migration-velocity being 
overcompensated by decrease in ionization. 



The percentage ionization of the various substances is shown in table 
63. The values were obtained by dividing the equivalent conductance at 
the different concentrations by that at zero concentration, as given in table 
59. Those for 10-milli-normal sodium hydroxide were interpolated by 

Table tZ.— Percentage 



■■Mum. 




.r. 


MP. 


IS^. 


nr. 


NaOH 




10 
SO 
40 
50 

ia.5 

20 
2S 


100.0 
98.0 
87. e 
96.2 
94.9 

100.0 
9S.9 
03.7 
93.1 

100.0 
01.0 

"siA 


100.0 
98.0 
97.0 
OS. 7 
94.1 

'96!9 
100.0 
96.1 
92.2 
(91.4) 
100.0 
88.7 

'wis 


100.0 
97.3 
96.3 
94.3 
92.3 
69.3 
(88.4) 
100.0 
95.7 
91.2 
(90.3) 
100.0 
87.1 
83.0 
81.5 


100 

'os' 

92 
88 

84 
(82) 


NH,0,H,0,... 






«.b«„„. 


CgBCCHTk- 


18°. 


51°. 


TS,?*. 


iwf. 


17*SC. 


1M° 


NH,OH 


1 100.0 
10 4.07 
30 2.38 
100 ' 1.31. 


100.0 


100.0 


100.0 
3.59 

a. 10 

1.15 


100.0 

'iioa 


100.0 
2.46 
1.43 
0.79 
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means of the cube-root equation, so as to enable a comparison of this 
substance to be made with hydrochloric acid for which the results were 
presented in Part V. 

It was shown in section 68 that the equivalent conductance A of sodium 
hydroxide changes with the concentration C in accordance with the 
expression C(Ao — A) =K{CS)', where « is approximately 1.5, whence 
it follows that the ionization y follows approximately the analc^ous law 
C(l — -y) = JC(Ct)''. Thus substantially the same relation between 
i(»iizatioii and concentration holds true for this base as for hydrochloric 
acid and all the neutral salts thus far investigated. 

That to ammonium hydroxide the mass-action law is applicable even at 
the higher temperatures is shown by the values of the ionization-constant 
{Cy')/(l — y) given in table 64, The concentration used in the calcula- 
tion and given in the table is expressed in equivalents per liter and the 
constants have been multiplied by 10*. 



Tabi£ U.~Ionvation-conslaHts (X lO") for 



hydroxide. 



CsBccn- 


ISO. 


SI". 


■n.^. 


100". 


1M.B°. 


1S6°. 


0.01 
0.03 
0.10 


17.3 
17.4 
17.3 


isii' 


"u.A 


13.4 
13. S 
13.5 


"iqX 


0.20 
0.21 
0.28 



The agreement is seen to be excellent. The last row of values at the 
highest concentration are the most reliable ones to adopt as final values of 
the constant. 

The effect of temperature on the ionization-values will be seen from 
table 63. Those of sodium hydroxide like those of all other largely 
ionized substances investigated steadily decrease with rising temperature, 
and by about the same amount as with hydrochloric acid, whose percent- 
age ionization at 10 milli-normal is 97.1 at 18°, 95.0 at 100°, 93.6 at 156*, 
and 93.2 at 218°. It is of some interest, too, to note, that ammonium ace- 
tate though a salt of both a weak acid and a weak base has about the same 
percentage ionization as sodium acetate, for which the values in 10 milli- 
normal solution are 91.2 at 18°, 88.8 at 100°, and 88.0 at 156'. 

The ionization of ammonium hydroxide (table 63), and of course also 
its ionization-constant (table 64), increases slightly between 18° and 51°, 
which is in accordance with the fact that its ionization at 18° is attended 
with an absorption of heat of about 1,500 cal., since its heat of neutraliza- 
tion with hydrochloric acid is 12,200 cat. Above 100°, however, the ioni- 
zation decreases rapidly, as with other substances. 
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Section 70. — Description of the Hydrolysis Experiments. i/p 

70. DESCRIPTION OF THE HYimOLYSIS EXPERIMENTS. 

As stated in section 60, the hydrolysis experiments were made by meas- 
uring the conductance of certain ammonium acetate solutions, containing 
in one case the salt alone and in other cases, in addition, varying quanti- 
ties of ammonium hydroxide or acetic acid. Duplicate measurements 
were made at 18°, 100°, and 156° with acetate solutions of two concentra- 
tions, about 10 and 26 miUi-normal. In the experiments with the mix- 
tures, also made in duplicate, approximately equivalent, or two or five 
times equivalent, quantities of the base or acid were simultaneously present. 
The method of procedure in preparing the solution was to dilute quanti- 
tatively by weight the 50 miUi-normal stock solution (see section 62) in 
one case wit^ water and in other cases with the 100 milli-normal base or 
acid solution, enough water being also added in these cases to make the 
salt concentration the same as in the first case. The measurements were 
all made in the bomb in the usual way. 

71. CONDUCTIVITY DATA FOR AMMONIUM ACETATE. 

The data of the experiments with ammonium acetate alone and with 
acetic acid or ammonium hydroxide added are given in table 65 arranged 
as in the preceding tables (50-53) ; but the specific conductance has been 
given instead of the equivalent conductance, since we have to deal here 
with mixtures. This was calculated by correcting the observed conduct- 
ance for that of the water (but only in the 10 miUi-normal solutions since 
there it amounted to only about O.I per cent) and multiplying by the con- 
ductance-capacity. In the experiments with ammonium hydroxide added, 
made from March 27 to April 20, stock solution No. 3 prepared March 17 
was used. In the later experiments of June 17 to June 26 an ammo- 
nium hydroxide solution freshly prepared (on June 17) was employed. 









D... 




t™^«.«. 


CandDCI. 


tKttSc 












CH,CO,NH, 


KH^OH. 




"" ^ '"■■ 


.n«X10«. 


1005 












Mar. 24 


.... 36. OS 




17.63 


15,409 


2,280 








100.08 


46,250 


•338 








155.9 


58,240 


8,603 








17.93 


15,373 


2,275 


Mar. 25 


...j M.oa 




17.93 


15,413 


2,381 








99.54 


46,040 


6,806 , 




1 




155.6 


58,410 


8,629 








99.54 


46,020 


6,803 




' 




17.93 


15^96 


2,278 1 
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Conductivity of Aqueous Solutions. — Part VI. 
Table «5. — Conductivity data for ammonium acetate — G>ntinue<). 



.„. 






C«<,c.. 


"vt; 


CH,CO,lfH^ 


NH,OH. 






.=«X10'. 


1905 












Har. 27.... 


26.06 


01.21 


17.93 


15,543 


2,300 








99.61 


48,360 


7,148 








155.6 


69,160 


10,215 








17.93 


15,579 


2,305 


Mar. 38.... 


26.06 


51.21 


17.93 


15,547 


2,300 








00.84 


48,540 


7,175 








155. e 


69,250 


10,229 








99.84 


48,520 


7,172 








17.93 


15.558 


2,302 


Mar. se.... 


26.02 


25.70 


17.93 


15,470 


2,289 








99.92 


48,380 


7,161 








155.6 


67,870 


10.028 








17.93 


15,473 


2,290 


Mar. 30.... 


26.02 


25.70 


17.93 


15,477 


2,290 








99.74 


48,280 


7,137 








156.4 


67,800 


10.016 








99.75 


48,280 


7,137 


Apr. 5 


2S.9B 




17.93 

17.03 


15,492 
15,458 


2,292 
2,287 


CH,CO^ 


26.47 








99.64 


48,260 


7.134 








156.0 


66,890 


9,881 








17.93 


15,385 


2,276 


Apr. 6 


26. OS 


26.47 


17.93 


15,461 


2,288 








99.15 


48,100 


7,110 








155.7 


67,070 


9,007 








99.14 


47,800 


7,066 








17.93 


16,420 


2.282 


Apr. 7 


26.00 


52.00 


17.93 


15,490 


2.292 








99.49 


48,280 


7.138 








156.8 


68,360 


10.098 








99.50 


48,030 


7,100 








17.93 


15,«!S 


2,282 


Apr. 8 


26.00 


52.82 


17.93 


15,480 


ZfiM 








99.58 


48,310 


7.141 








155.6 


68,300 


10,000 








99. S4 


48,050 


7,103 








17.93 


15.437 


2,284 


Apr. la.... 


10.404 




17.93 


6,389 


045.6 








99.49 


10,235 


2,843 








155.8 


24JJ30 


3.579 








99.45 


19,159 


2.832 








17.93 


6,358 


940.9 


Apr. 11 


10.404 




17.93 


6,392 


045.9 








99.50 


19,238 


2,844 








166.1 


24,260 


3,584 








99.53 


19,154 


2,831 


Apr. M.. . . . 


10.410 




17.93 
17.93 


6,398 
6,458 


942.4 
054.2 


mfiH 


10.263 








99.58 


20,220 


2,087 








156.0 


28,300 


4,190 








09.58 


20,100 


2.083 








17.93 


6,478 


051.0 


Apr. 13 


10.410 


10.263 


17.93 


6,453 


954.2 








99.65 


20,250 


2,902 








156.2 


28,410 


4,293 
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Tabu W.— Conductivity data for 




aceta te —Continued. 


Viu. 




Tcarttuan. 


Csntacl- 


lpgci*c 


CH.CO.HH.. 


HH.OH. 


»« X \». 


«™><°Wt. 


IMS 


















99.02 


20,210 


2,980 








17.93 


6.478 


958. 9 


Apr. 1*..... 


10.405 


20.B2 


17.93 


6,488 


959.4 








09.46 


20^290 


2,907 








159.9 


29.070 


4,292 








17.93 


6,523 


964.6 


Apr. 15..... 


10.409 


20.S2 


17.93 


6.495 


900.5 








99.53 


20.300 


8,999 








156.2 


89,070 


4,202 








99.44 




2.999 








17.93 


6.510 


983.9 


Apr. 19.. . . . 


10.406 


91.89 


17.93 


6,616 


978.4 








99.B1 


20.580 


3,0*0 








156.S 


80,930 


4,417 








17.93 


6,660 


083.4 


Apr. 20..... 


10.406 


SI. 29 


17.93 


6.627 


980.1 








99.fl9 


80.800 


3,0« 








156.6 


20,900 


4,412 








09.09 


20,610 


3,0*4 


Apr. 81.... 


10.407 




17.03 
17.93 


6.054 
6.514 


9S3.9 
903.8 


CH,CO.H 


21.18 








99.43 


20k330 


3,004 


Apr. 24..... 


10.406 


92.70 


17.03 


6,841 


962.4 








100.04 


TOfiOa 


3.043 








'iolffj 


8(W70 


ifiVi 








17.03 


6,607 


977.0 


Apr. 27 


10.40e 


92.76 


17.03 


6.048 


983.1 








159.8 


80,830 


4,316 








17.03 


6,584 


973.6 


Apr. 29 


10.407 


21.13 


17.93 


6.509 


982.5 








09.74 


80,380 


3,011 








159.7 


28,730 


4,241 








09.71 


80.210 


2,980 








17.93 


6,480 


958.1 


May 2 


10.409 


10.969 


17.93 


6,469 


950.6 








99.99 


80^330 


3,003 








1S6.0 


88,260 


4,170 








100.01 


20,220 


8,980 








17.93 


8,448 


953.8 


May 3 


10.425 


10.977 


17.93 


0,482 


968.7 








99.76 




3,003 








199.4 


28,890 


4,100 








17.03 


6,464 


956.0 


Jane 17.... 


10.321 


50.12 


17.93 


6.538 


900.8 








199.9 


29.470 


4.852 








17.93 


6,549 


968.3 


Jnne 21.... 


10.412 


53.94 


17.93 


6.837 


981.3 








09.88 


20,670 


3,054 








196.4 


29,950 


4^1 








17.93 


8.077 


987.4 


Jane 20.... 


10.414 


43.92 


17.03 


6,537 


966.0 








99.29 


20;470 


3,025 








199.0 


29,800 


4.372 








17.93 


6,599 


975.1 
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72. SUMMARY OF THE SPECIFIC CONDUCTANCE VALUES. 
Table 66 summarizes the values of the specific conductance corrected 
so as to correspond to round temperatures and to a unifonn concentration 
of the salt. The correction to round temperatures was made with the he^ 
of temperature-coefficients obtained as in the previous cases. The correc- 
tion to uniform concentration, which seldom exceeded OJB per cent, was 
made by assuming proportionality between it and specific conductance. 
Table 66. — SfecHie conductance of ammonium acetate tolutions at round temperatures. 



Dllt. 


c«c(iinu<« « f. 








XlOi. 




18°. 


uxf. 


i5<". 


CH,CO,NH,. 


CH,CO^. 


I.IHd. 


null. 


iildd. 


no>i. 


1005 

Mar. 34 

Mar. 25 

Mean 

Apr. 10 

Apr. U 

Mean 

Apr. 5 

Apr. 6 

Mean 

Apr. 7 

Apr. 8 

Mean 

Apr. 21 

Apr. 8» 

Mean 

Apr. 24 

Apr. 27 

Mean 

Mar 2 

May 3 

Mean 

Mar. 27 

Mar. 28 

Mean 

Mar. 2S 

Mar. 30 

Mean 

Apr. 12 

Apr. 13 

Mean 

Apr. 14 

Apr. 15 

Mean 

Apr. 19 

Apr. 20 

June 17 .... 
Jane 21 .... 
June 88 .... 

Mean 


26.00 
26.00 




8JW1 
2.882 


2;j7« 

8,279 


6,830 
6.831 


"isio 


S.698 
8,632 


36.00 




2.881 


8,277 


6.825 


6,816 


8.616 
3,583 
3.581 


10.400 
10.400 




946.6 
M6.S 


041.0 
0*3.4 


8,851 
2.8S8 


2,841 
1.839 


10.400 
26.00 
26.00 




946.7 
3.291 


942.6 


2.851 


2,840 


-S^.. 


26.47 
86.47 


2,280 


7.157 
7.158 


"V.iii 


0^85 
0.025 


26.00 


26.47 


2,291 


2JJ83 


7,157 


7,114 


0.905 


26.00 
28.00 


62.00 
52.00 


2,295 
2,293 


2,285 


7,166 


7,136 
7428 


10H08 
10.100 


26.00 
10.400 
10.400 
10.400 
10.400 
10.400 


52.00 


2,294 


2,286 


7.165 


7,136 


IO1IO8 


21.12 
21.13 


964.0 
063.2 


"9K.k 


3.016 
3.016 
3.016 
3,0*0 


■^991 


"4i43 


21.13 
52.78 
62.76 


963.6 
S83.3 
083.0 


977.8 
974.4 


2:001 


«« 


3,011 


'tilB 


10.400 
10.400 
10.400 


52.76 
10.569 
10.577 


983.5 


976.1 


3,040 


3.011 


4,318 


957.1 
957.7 


954.3 
95S.0 


3,000 
3.008 


2.983 


4,166 
4.170 


10.400 


10.573 


057.4 


954.6 


3,001 


2.083 


4,163 


26.00 
26.00 
26.00 
26. 00 
26.00 


NH,OH. 


2,298 
84!98 


2,303 
3.800 


7.153 
7.168 


"ilM, 


14212 
10,211 


51.21 
51.31 
51.21 

25.70 
25.70 


2,298 


2.301 


7.160 


7.164 


10^211 


2,290 
2,201 


2,891 
2.293 


7,149 
7.145 




10,040 
0,988 


26.00 
10.400 
10.400 


25.70 


2.290 


2,292 


7,147 


7,145 
2.001 
2.992 


14014 
4,186 
4485 


10.263 
10.263 


954.7 
954.7 


958.5 
958.4 


2,095 
8,998 


10.400 
10.400 
10.400 


10.263 


954.7 


058.4 


8.996 
3.010 
8,010 


2,991 
' 3,013 


4,186 
4,292 
4.286 


20.62 
20.52 


960.3 
901.4 


066.5 
964.8 


10.400 


20.52 


900.8 


965.1 


_Mi£. 


3,013 


4.289 


10.400 
10.400 
10.400 
10.400 
10.400 


SI. 89 
SI. 30 
SO.IS 
63.54 
•43.93 


979.2 
M0.9 
976.1 
081. fl 
•966.8 


9B4.2 
084.4 
977.6 
087.7 
•076.8 


3,043 
3.048 

*K053 

•ajm 


"ijai 


4,403 
4.398 
4,388 
4.40S 
•4,301 


10.400 


61.66 


079.4 


083. B 


3,048 


3,050 


4,300 
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It will be seen irom these results that in case of the salt alone and of the 
mixture of it with acetic acid the final values both at 18* and 100* are 
from 0.2 to 0.9 per cent lower than the initial values at the same tempera- 
tures, showing that in the heating at 156° some change took place by 
which the conductance was decreased. On the other hand with the mix- 
tures containing ammonia the final values do not differ much from the ini- 
tial ones in the case of the 36 milli-normal solution, but are larger than 
the latter in the case of the 10 milli-normal one by about 0.4 per cent at 
18° and by about 0.15 per cent at 100° showing that some contamination 
took place in heating to 100° and that this increased on beating to 166°. 

The final data needed for the computation of the hydrolysis and some 
calculated values derived from them are presented in table 67. The first 
column gives the temperature, and the next two columns give the concen- 
trations of the salt and acid or base in milli-equivalents per liter at that 
temperature. The column headed Lu contains the most probable values 
of the specific conductance derivable from the separate values of table €6. 
At 18° the means of the "initial" values have been adopted ; and the same 
is true at 100° in the case of the ammonium acetate alone and of the mix- 
ture of it with acetic acid. In the case of the mixtures with ammonia the 
mean initial values of the specific conductance were decreased by half the 
percentage amount at 100°, and by the same percentage amount at 166°, 
as the initial differed from the final conductance at 18*. At 166° in the 
case of the salt alone and t^ mixtures with acetic acid, the specific con- 
ductance was increased by the same percentage amount as the initial dif- 
fered from the final conductance at 100°. These corrections are based 
upon the indications of contamination just referred to. 

In the next column of the table under lha or lboh is given the conduct- 
ance of the ammonium hydroxide or acetic acid present in the solution. 
This conductance has been calculated in the following manner: In the 
mass-action equation 

CbCoh i^ _ CaCh „ 

-75 ^ ^B or -p; =: Kx 

CbOH ('SA 

{where B represents the ammonium ion or radical and A the acetate ion 
or radical) we can substitute for Cb or Ca the ratio lba/A,ba of the 
specific conductance (lba) of the salt to its equivalent conductance 
(Aoba) when completely ionized, and thus obtain in terms of known 
quantities Coh or Ca, which is the concentration of the dissociated base 
or acid. Multiplying this by the equivalent conductance (A^boh or 
A^ba) of the base or acid when completely ionized, we get the specific 
conductance (^boh of i-ha) of the base or acid in the mixture. That is: 

„ The values of 

LbA kBA 

Ajba employed are those given in table 59. 
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The values so computed of Lbom or Lha have then been subtracted from 
the specific conductance ty of the mixture and the resulting^ differences, 
which represent the specific conductance of the salt in the mixture, arc 
given in the succeeding column headed Lba- 

In the next to last column headed i^ is given the specific conductance of 
the salt when present in water alone at the same concentration which it 
has in the mixture, the values given at 18° and 100° being the mean of the 
directly observed initial values recorded in table 66, and those at 166* 
being the corresponding mean increased so as to correct for contamination 
as stated in the first paragraph of this section. 

In the last column headed Lba — Ls is given the difference between the 
values in the two preceding columns. This difference represents the 
increase of conductance produced by reduction of the hydrolysis by the 
addition of the base or acid. 



Tabe VI.— Specific 


condwtance o 


f cotuliluenis in ammonium acelale soltHions. 




Cmuiii 


•da> u 1°. 




arcdtcco. 


KtHICt X K*. 




















""" 


Mt. 




Mix»„. 


Am gi bw 


Ml In 


Mtilm 


■«™-- 


f. 


c»*. 


C-A « C,o«. 


la.. 


bu « L.O.. 


laA. 


iu. 


iaA-la. 


18 


2S.96 


26.43 &. 


2;t91 


7 


2.284 


2,281 






25.86 


25.66 B 


2;i90 


4 


2,286 


2,281 






2s.ee 


02.76 A 




15 










ss.oa 


SI. 14 B 


2;t9S 


9 


2.289 


2.281 










Mean.... 


2.285 


2.281 






10.387 


10.SS9A 


957 


7 


950 


947 






10.387 


10.849 B 


935 


4 


951 


947 






10.387 


21.09 A 


964 


14 


950 


947 






10.387 


20.00 B 


961 


9 


962 


947 






10.387 


G2.6B A 


983 


35 










10.387 


SI.49 B 


978 


22 


»54 


947 












951 


947 




100 


24.92 


25.37 A 


7,157 


10 






322 




1H.B2 




7,144 


9 


7a35 


6,888 


310 




24.B2 


50.64 A 


7,16S 


20 


7.145 


6,823 


320 




24. » 


49.09 B 


7J56 


19 


7.137 


6,885 


312 








Mean.... 


7,141 


6.820 


316 


0.970 


10.136 A 


3.001 


9 


2,992 


2,851 


141 




9.970 


9.B38B 


2,990 


9 
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3.003 


19 
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2351 
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48 






141 
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3,041 


47 


2.994 


2^5 
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2.990 
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23.68 


24.11 A 


9,964 


5 


B,959 
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23.40 B 


10,004 
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9,999 


8,625 
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23.68 


48.12 A 
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13 


10,150 








23.68 


46.64 B 


10,196 


14 


10.182 


8,625 


1,557 




9.473 


9.631 A 


4.193 


6 


4,187 


3,596 


691 




9.473 


9.348 B 


4,169 


6 




3,598 


667 




9.473 


19.243 A 


4,278 








669 




9.473 


18.694 B 


4.270 


13 


4,267 


3,596 


661 




9.473 


48.06 A 
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From table 67 it will be seen ttet at 18° the excess of acid or base 
causes an increase of only 0.2 to 0.5 per cent in the conductance, in cor- 
respondence with the small degree of hydrolysis known to exist at this 
temperature. An accurate calculati<»i of it from these results is therefore 
not possible. At the higher temperatures, however, the increase is consid- 
erable — about 5 per cent at 100°, and 15 to 21 per cent at 166*. At 100° 
the addition of a quantity of acid or base equivalent to the salt produced 
as great an increase as a larger quantity, showing that the hydrolysis had 
been reduced substantially to zero. The effect of the acid was, as it 
should be, nearly equal to that of the base, the small ditiferences observed 
being doubtless due to experimental error. The percentage increase was 
also nearly the same at the two concentrations of the salt (4.6 and 4.9 
per cent) respectively, showing that the hydrolysis does not increase much 
with the dilution, which is what the mass-action law requires for a salt 
wliose acid and base are both weak. At 156° the second equivalent of acid 
or base produces a large further increase in conductance, showing that 
the salt is still somewhat hydrolyzed. Here again the acid and base have 
not far from the same effect, as they should have on account of the small- 
ness of their ionization constants. 

The quantitative calculation of the ionization at 100° is comparatively 
simple. Since the hydrolysis is reduced to zero by the added acid or base, 
the increase in specific conductance produced by it wlien divided by the 
equivalent conductance Ag (338) of the completely ionized salt gives at 
once the number of equivalents per cubic centimeter of free acid and base 
which have been converted into ions. In addition a quantity of the 
un-ionized salt, corresponding to the increased concentration of its ions, is 
produced out of the add and base. To compute this, we have made use 

of tiie equation ■ „. ^' — rr- = K. (where y is the fraction ionized and 
C(l — y — n) 

k the fraction hydrolyzed), in which we have determined the constants « 
and K from the conductances (i^a) of the unhydrolyzed salt (7,141 and 
2,990 X lO-*) at the two concentrations (24.93 and 9.97 milli-equivalents 
per liter) investigated and from the A^ value for the salt.* We have then 
calculated from the values of L/Ag, which are equal to Cy, tiie concentra- 
tion of un-ionized salt, C(l — y — h), both in the solution containing the 
salt alone and in that to which acid or base had been added. 

*For this last calculation we used a preliminan' value of A., namely 333 instead 
of 33B; but diis could have only an mappreciable influence on the result The 
numerical equation so obtained when the concenttatkn is expressed in milli-equiva- 
lents per liter is: lo8>,C(l — 7— A) = 1.443 log»{C7) —1.379. 
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The excess of the second value over the first value gives the un-tonized 
salt, AC(1 — y — h), that has been produced out of free acid and base: 
this added to the quantity (ACy) of ions similarly produced gives the 
quantity of salt in the hydrolyzed state when it is alone present in water ; 
and this divided by the concentration (C) gives the fraction hydrolyzed 
(A,). The results of tiie computations are given in table 68. 







' 




4 (c(i-r-»)) 
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t, X lo" 


S4.gs 
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88.8 
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0.94 
0.411 


0.81 
0.064 


I.IS 
0.475 


4.61 
4.78 


48. S 

47.4 



It will be seen from table 68 that the hydrolysis h^ is only a little 
greater at 10 than at 25 millt-normal. From each of these values the 
ionization-constant of water {Kyi = Ch X Cos) has been calculated, and 
the results are given in the last column, the concentration being here 
expressed in equivalents per liter. The calculation was made by means of 

the mass-action expression JCw = K/JC^—^hn which JCa and K^ are the 

ionization-constants of the add and base respectively, and h and y are th« 

hydrolysis and ionization of the salt in water alone. This expression is 

readily obtained by multiplying together the two lonization-equations 

«■ ChCa j tt CsCos 

^A = -^ and Kb = "c^ , substituting JCw for Ch X Con, yCs for Ca 

and for Cb, and CaA« for Cha and Cboh, and transposing. It will be noted 
that the two independent values of JCw agree almost con^iletely. 

In order to calculate the hydrolysis at 156° from the conductance data it 
is necessary, since the hydrolysis is not reduced to zero even by the largest 
quantity of acid or base added, to unite with the empirical relation between 
the concentrations of ions and un-ionized molecules, the mass-action 
relation between the concentration of the ions and the products of the 
hydrolysis. These two expressions, if y represents the fraction of the salt 
existing as ions and h the fraction hydrolyzed into free add and base and 
Cb and Cboh are the concentrations of the salt and of the added base (or 
add) respectively, are 



(.ycy 



C.(l-y- 



*)" 



(Cbo. +Cb*)C,* / Choh ^j\ t 



K^B 

Kv 
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■m 
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Or, representing by -y« and A, the ionization and hydrolysis of the salt 
when in water alone, and by y, and \ these same quantities when the con- 
centration of the salt is the same, but base (or acid) is present in excess 
at a concentration Cboh, and writing r for Cboh/Cb we have : 

two simultaneous equations which can be solved for h^ and h since the 
other quantities may be derived from the measurements. Thus the ratio 
ti/ft is equal to Lsa/i^ (see table 67), and the separate values of y^ and 
yo are given by the quotients Lba/CbA^ and ifi/CgA^, A^ being equal to 623. 
For the exponent n we assumed provisionally the value 1.5, which is 
that for sodium acetate at this temperature (see section 55, Part V) ; but 
after the hydrolysis had been computed for the two different salt-concen- 
trations it was obtained by direct application of equation (1) to the mean 
of the two sets of results, and was thus found to be 1.45 ; and with this 
new value of « the calculations were repeated, although this variation in n 
produced a decrease in A, of only 0.7 per cent of its value both at 23.68 
and at 9,473 milli-normal. Equations (3) and (4) can be completely 
solved algebraically for I4 or A«; but it is far simpler to use only the 
incomplete solution obtained by taking the logarithm of equation (3) and 
eliminating h^, from it by means of equation (4), whereby results the 
expression : 

log '-y.- *. _ ^ („ _ 1) ,„g y.. 

(l-,.)2!--V»(r + ).) !■• 

This equation can be readily solved for A^ by trial, and A^ can then be cal- 
culated by (4). 

The results of the calculations are given in table 69. The headings will 
be understood by reference to the preceding paragraph. In oHnputing 
the ionization-constant of water, which was done as before by the expres- 
sion Kw = KaKb "V- the concentration was expressed in equivalents per 
liter and the values of Ka and Kb used were 6.67 X 10^ and 6.28 X lO"' 
respectively. The letter A after the value of the ratio r(= Cb/Cb) signi- 
fies that acetic acid, the letter B, that ammonium hydroxide was present in 
excess. 
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Table M.— Hydrolysis of ammonium acetate and iowation-eonstoHt of 
water at 166°. 



<^. 
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lOWo 


lOOY 


.CO* 


IM.*, 


'm X 10" 


23.68 
23.68 
23.68 
23.68 
Mean... 

9.473 
9.473 
K.473 
9.473 
9.473 
9.473 
Mean... 


1.018 A 
0.988 B 
2.032 A 
J.V69B 


70.73 
70.73 
70.73 
70.73 


81.66 
81. »9 
83.23 
83.49 


3.95 
4.34 
2.13 
2.46 


17.6 
18. S 
17.8 
18.3 


221 A 
236 B 

22S A 
238B 




70.73 






17.97 


/ 223 A 
\237B 


1.017 A 
0.987 B 
2.031 A 
1.973 B 
5.073 A 
4.958 B 


73.71 
73.71 
73.71 
73.71 
73.71 
73.71 


83.82 
SG.33 
87.42 
87.26 
88.73 
89.14 


4.40 
4.16 
2.30 
2.33 
1.00 
1.06 


18.5 
17.8 
18.3 
18.2 
18. « 
19.0 


224 A 
208 B 
219 A 
217 B 
226 A 
238 B 




73.71 






18.60 


f223 A 
1221 B 



An examination of the values of Kv given in the last column of table 69 
shows that those derived from the experiments where acetic acid was 
added agree closely with one another not only in case of the successive 
additions of the acid but also at the two different concentrations of the 
salt; while those from the experiments where ammonium hydroxide was 
added are far less concordant whether considered with respect to the suc- 
cessive additions (in the second series) or to the different salt-concentra- 
tions. This fact, taken in conjunction with the experience that the base 
solutions are far more liable to contamination, justifies the adoption of the 
value Z23 X 10'* derived from the experiments with the acid as the best 
final value for the ionization-constant of water at 166°, It is worthy of 
note, however, that the mean value 229 X 10'" derived from the experi- 
ments with the base is less than 3 per cent higher than this. 
Table 70. — tonixalio* of water at imri- 
out temperatures. 





»:,xio>» 


C„X10- 


IB 
100 
1S6 


0.6 
48 
223 


0.8 
7.0 
14.9 



Finally it is of much interest to compare the values of the ionization- 
constants of water and the concentration of hydrogen or hydroxide ions in 
it at 18°, 100', and 156*. At 18' the constant has been derived from the 
conductivity measurements of Kohlrausch and Heydweiller with the 
purest water obtainable, and this value has been roughly confirmed in 
a variety of other ways,* This we have included with our values at 100° 

*See Nernst, Theorctische Chemie, 4t* Auflage, p. 503 (1903). 
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and 166* in table 70. The table also contains the concentration of the 
hydrogen or hydroxide ion (Cm = Coh =V^) at all these temperatures. 
It will be seen that the ionizatioa-constant increases about 80-foId 
between 18° and 100**, but only 4j4-fold between 100° and 156°. When it 
is considered that at these higher temperatures not only the ionization- 
copstant of water is so much greater than at 18°, but also that the ioniza- 
tion of weak adds and bases is very much less than at 18°, it will be evi- 
dent that the tendency of salts to hydrolyze is enormously increased at 
high temperatures. This is well illustrated by ammonium acetate itself, 
which at 0.01 normal concentration is hydrolyzed to an extent of 0.4 
per cent* at 18°, 4.8 per cent at 100°, and 18.3 per cent at 156°. 



74. SUMMARY. 

In this article have been presented the results of conductivity measure- 
ments at various concentrations with sodium hydroxide at 18°, 100°, 156°, 
and 218*, with ammoniiun chloride and hydroxide at 18°, 100°, and 166°, 
and with ammonium acetate both alone and in the presence of an excess of 
ammonium hydroxide and acetic acid, at these same temperatures. For the 
final results see tables 59 and 67. From them the equivalent conductance 
at zero concentration has been derived by extrapolation or by the law of 
the independent migration of ions, and the ionization of all these sub- 
stances has been calculated (see table 63). An indirect method of meas- 
uring and computing the hydrolysis of a salt of a weak acid and base 
from its conductivity alone and in the presence of free add or base has 
been described (in section 73), and the method has been applied to the 
results with ammonium acetate. From the hydrolysis of this salt and the 
ionization-constants of ammonium hydroxide and acetic acid, the ioniza- 
tion of water at 100° and 166* has been calculated. 

The results justify the following conclusions: 

(1) The equivalent conductance of sodium hydroxide at zero con- 
centration increases with rising temperature at a steadily decreasing rate 
as in the case of hydrochloric add, and the ratio of it to that of sodium 
chloride approaches unity, showing that the hydroxide ion has a velocity 
more nearly equal to that of the chlorine ion at the higher temperatures. 

(2) The d^ree of ionization of sodium hydroxide at all temperatures, 
the law of its change with the concentration, and its decrease with the 
temperature, all correspond closely to that of neutral salts of the same 
ionic type. 
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(3) The degree of ionization of ammonium hydroxide increases 
slightly between 18° and 51°, but above 61° it decreases rapidly, as in 
the case of all other substances thus far investigated. Thus the values 
of its ionization-constant multiplied by 10* is 17.S at 18°, 18.1 at Sl°, 
13.6 at 100°, and 6.3 at 156°. The mass-action law expresses the change 
with the concentration at all temperatures. 

(4) The hydrolysis of ammonium acetate w4iich is about 0.4 per cent 
at 18°, was found to be about 4.8 per cent at 100° and about 18 per cent 
at 156°, and to vary only slightly with the concentration of the salt, as 
the mass-action requires in the case of a salt of this type, 

(5) The ionization-constant of water (that is, the product of the 
concentrations of the hydrogen and hydroxide ions in it) which has been 
previously found by Kc^ilrausch and Heydweiller to be 0.6 X 10"** at 
18, is 48 X 10-" at 100°, and 823 X 10"" at 156°, as deduced from the 
hydrolysis of ammonium acetate. This great increase combined with 
the decrease in ionization of weak adds and bases produces at high tem- 
peratures an enormous increase in the tendency of salts to hydrolyze. 
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Conductivity and Ionization of Ammonium Hydrox- 
ide, Ammonium Chloride, and Acetic Acid at 
218° and 30s', and of sodium acetate 
AT 306°. Hydrolysis of Ammonium 
Acetate and Ionization of 
Water AT 218° AND 306°. 

By Robert B. Sosman. 
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Part VII. 

CONDUCTIVITY AND IONIZATION OF AMMONIUM HYDROXIDE. 
AMMONIUM CHLORIDE. AND ACETIC ACID AT 218° AND 306", 
AND OF SODIUM ACETATE AT 306°. HYDROLYSIS OF AMMO- 
NIUM ACETATE AND IONIZATION OF WATER AT 218" AND 306°. 



75. OUTLINE OF THE INVESTIGATION. 

This investigation is substantially an extension to higher temperatures 
of the investigation of Noyes and Kato (see Part VI) on the hydrolysis 
of ammonium acetate and the ionization of water at lOO" and 166*. 
Noyes and Cooper (see Part V) have, to be sure, detennined roi^hly 
the ionization of water at 318' from the hydrolysis of sodium acetate; 
but, on account of the small degree of hydrolysis, the probable error in 
their calculation is large. It was the object, therefore, of the present 
investigation to derive as accurately as possible the value of the ioniza- 
tion of water at 218° and at 306° from the hydrolysis of ammonium 
acetate. The experimental data necessary are : the conductivities at 318° 
and 306", at small concentrations, of sodium chloride, sodium acetate, 
hydrochloric acid, sodium hydroxide, and ammonium chloride; the con- 
ductivities of ammonium hydroxide and acetic acid at varying concen- 
trations ; and the conductivity of ammonium acetate alone and with vary- 
ing additions of ammonium hydroxide or acetic acid. Of these, the 
data at 318* for the first three substances and for acetic acid have been 
determined by Noyes and Cooper ; those for sodium hydroxide at 218', 
by Noyes and Kato; those for sodium chloride at 30fi°, by Noyes, 
Coolidge, and Melcher ; and those for hydrochloric acid at 306°, by G, W. 
Eastman. The data for sodium hydroxide at 306° have not yet been 
detennined, but an estimate of its equivalent conductance for cMnplete 
ionization has been made on the basis of the results at lower temperatures 
and the relations to the conductance of the other substances, 

76. APPARATUS AND PROCEDURE. 

The apparatus employed was in principle the same as that used in 
the previous high-temperature investigations. The conductivity cell or 
bomb, the details of which have been fully described in Part II, wasanew 
one (No. 4) made in June, 1904.* An open cylindrical platinum-iridium 
electrode was used as in the work of Noyes and Kato. 



d by Google 



ip4 CottducHvity of Aqueous Solutions. — Part VII, 

For the purpose of merely testing solutions at 18*, when it was not 
desired to make a measurement at higher temperatures, a small glass 
conductivity-cell was used, such as is represented in figure 19, Part IX. 
This had a capacity of about 40 c.cm., and was in the form of an ordinary 
pipette ; the upper tube was provided with a stopcock, the platinum elec- 
trodes were sealed in vertically through the shoulder of the bulb on 
opposite sides of the upper tube, connection being made througli glass 
tubes containing mercury, and the lower exit tube was turned upwards, so 
as to rise above the liquid in the temperature bath. Solutions could be 
forced into this cell without any danger of contamination from the air. 

The resistance of the solution in the bomb was measured by means 
of the usual arrangement, consisting of a new Kohlrausch three-meter 
cylindrical slide-wire bri<^ (Hartmann and Braun No. 383), a smaD 
induction coil, and a telephone connected between the ends of the slide- 
wire. A switch was arrai^d to commutate the current from the coil, 
and another to connect the bridge with the lower or the upper electrode. 
The leads were of heavy copper wire, connecting with the bridge or with 
the leads coming out of the temperature bath by means of double flexible 
lampcord and flat binding-screws. 

The rotating carriage in which the bomb was mounted, as well as the 
larger temperature baths required by this rotating arrangement, were simi- 
lar to those used by Noyes and Melcher (section 28, Part III). Xyene was 
used in the 18° bath, and naphthalene in the 218' vapor bath, A Beck- 
mann thermometer was used in each. In the 306° bath benzophenone was 
employed. Diphenylamine, boiling at 302", was used at first, and some 
of the data on ammonium hydroxide were obtained at this temperature ; 
but after a few experiments much of the substance had decomposed, and 
the boiling-point rose and became uncertain. It was found impracticable 
to use a Beckmann diermometer at this temperature, because its readings 
were variable and not reproducible. A — 360' Aivei^iat thermometer, 
graduated in degrees, was therefore employed. 

•This bomb was used tmtil June B, 1908, when the linins of it cracked; after this 
date another bomb (No. 3) was employed. The first trouble from leakage occurred 
in Febraaiy, 1905, after the bomb Had been in use for one month, when the lower 
lining cracked near the bottom ; this was repaired by removing the lining and flow- 
ing gold over the crack. No more difficulty was experienced, except from occasional 
accidental leakage at the electrodes or the valve, until after the first heating to 302°, 
when a slow luk developed dtroti^ a tear in the lining of the upper diamber, 
caused probably by unequal expansion of the steel and the platinum lining. The 
leak was so slow at first, however, that the conductivity of the ammonium hydroxide 
solution could be determined at a given time, and the bomb then removed and 
cooled without further loss, the solution from the bomb being always analyzed after 
each heating, whether there had been leakage or noL After some attempts to locate 
and repair this leak, the upper lining was removed and a new one put in (March, 
IMS). The bomb then held until Jane S, when the lower lining again cracked 
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To prevent contamination of the solutions by carbon dioxide or other 
gases in the air, they were kept in closed bottles, and blown out through 
an exit tube by means of compressed air which was purified by passing 
throi^h a train of bulbs containing sulphuric acid and potassium hydrox- 
ide solutions. In filling the bomb, a procedure similar to that of Noyes 
and Kato was followed; and the results show that appreciable con- 
tamination by carbon dioxide was excluded. After the bomb was closed, 
the air was exhausted by means of a water-jet pump or a mechani- 
cal vacuum pump (see also section 79). The residual pressure was read 
on a mercury vacuum-gage. 

The bomb in its carri^;e was then placed in the 18' bath and rotated 
until the resistance became constant, after which nine readings were taken, 
three on each of three known resistances, such as 101, 110, and 1,000 
ohms. The 218' bath had meanwhile been heated and the naphthalene 
brought to boiling. The vapor was temporarily condensed by the air 
cooling-coil, the bomb and carriage introduced, and the naphthalene again 
boiled until the Beckmann thermometer showed a constant temperature 
nearly equal to the boiling-pcrint of pure naphthalene at the prevailing 
atmospheric pressure. At Ae same time the resistance of the upper 
electrode was measured, showing how full the bomb had become and 
also showing whether any leakage was taking place. After the nine 
readings of resistance were made at 218*, the vapor was condensed, and 
the bomb removed and cooled to room temperature before a fan. The 
measurement at IS* was tiien repeated to find out whether any change had 
occurred in Hie solution. The same procedure was followed at 306°, 
except that, in order to avoid loss of benzophen<Mie, the bath was not 
heated before introducing the bcnnb. The experiments at 306" were all 
made after the work at 216* had been completed. 

The temperature in the 18' bath was kept constant within 0.01', and 
was measured with a Beckmann thermometer. This was compared at 
various points in the neighborhood of 18' with a Baudin thermometer 
(No. 16958) which had been standardized by the Bureau of Standards at 
Washington. The corrected temperatures of the standard are referred 
to die hydrogen tfiermometer. At 218* the difference in temperature 
between the vapor-bath and a calibrating bath containing pure naphthalene 
was determined by means of a Beckmann thermometer. 

The naphthalene used in the calibrating bath was obtained by recrys- 
tallizing the purest Kahlbaum preparation once from absolute alcohol; 
that the original substance is pure is shown by the fact tiiat the recrys- 
tallized material did not differ more than 0.01° from the original in 
boiling-point. The 218* point on the Beckmann thermometer was deter- 
mined in the calibrating bath after every second heating by reference 
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to the known boiling point of naphthalene under the corrected atmos- 
pheric pressure as determined by a mercurial barometer. The 306" point 
on the Alvergniat thermometer was frequently determined by heating it 
in a calibrating bath containing pure bentophenone, prepared by crystal- 
lizing a Kahlt^um preparation from absolute alcohol. For the boilit^- 
points of both naphthalene and benzophenone the values on the hydrogen 
thermometer determined by Jaquerod and Wassmer* were employed. 

77. INSTRUMENTAL ERR<»1S AND THEIR CORRECTIONS. 

There was no appreciable inaccuracy in the temperature measurement 
at 18*; and at 218° and 306° the measurement certainly gave the true 
temperature of the bomb within 0,8°. An uncertainty of 0.1° in tempera- 
ture at 218° corresponds in the worst case to less than 0.1 per cent in the 
conductance, as the temperature-coefficient at this point is always less than 
1 per cent At 306°, 0,1° corresponds at the maximum to about 0.3 per 
cent. No variation was, however, noticeable in the conductance after it 
had reached its final value, so that the error, if any, is probably all in the 
temperature value. 

The slide-wire was calibrated three times by the method of Strouhal 
and Bams: once by division into ten parts, and twice by division into 
twenty parts. The results agreed within 0,1 mm., and the correction was 
at no point greater than 0,2 mm. The 1, 10, and 100 ohm coils of the 
rheostat were compared, on a Carey-Foster bridge, with the Reichsanstalt 
standards in the Electrical Department of this Institute of Technoli^[y. 
The 1,000 and 10,000 ohm coils were tested by making up a Wheatstone 
system, using two standards as ratio arms and a third as known resist- 
ance, adjustment being made on the slide-wire of the Carey-Foster bridge. 
The maximum error found was 0.15 per cent, in the 1-ohm coil. 

The measured resistance includes the resistance of the leads from the 
bridge to the bomb. This was measured by the drop-of-potential method, 
the bomb being placed in position as usual, except that the lower electrode 
tag was wired tightly against a polished spot on the bomb itself. To the 
resistance tfius measured must be added, first the increase due to the heat- 
ing of the leads inside of the bath, which was calculated from the size 
and temperature-coefficient of the copper wire, and second, the resistance 
of the stem of the electrode. Tlie latter is, however, only 0.002 ohm. The 
maximum lead resistance was 0.034 ohm, at 306°, while the lowest total 
resistance measured was 19 obms. The only possibility of variation in the 
lead resistance was at the removable contacts between electrode tag and 
electrode, bomb and carriage, carriage and supports, and the outside flexi- 

■J- chim. phys., 2, S2 (1904). 
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ble leads and the main leads. All of these surfaces were polished with 
fine sandpaper before each heating. Special experiments showed that the 
brass contact surfaces are almost unaffected by tarnishing, but that the 
steel surface resistances are increased appreciably by a film of oxide ; also 
that the variation in resistance at the sliding contact of the carriage on its 
supports is inappreciable. 

The current used in the measurements was made as small as possible, 
so as to avoid the ejection from the electrode of adsorbed material. This 
was acccHnplished by using the smallest possible voltage on the coil, after 
weakening its spring by filing partly through it. Any error from polari- 
zation caused by asymmetry of the coil, was eliminated by c<:»nmutating 
the current and taking the mean of the two readings. 

The excess of pressure due to air in tJie bomb was only a small fraction 
of the total pressure ; for instance, if the air is evacuated before the heat- 
ing down to a pressure of 2 cm. of mercury, and the vapor-space at 818° 
is Z c.cm., then the air pressure at 218° is 0.6 atmosphere, while the vapor- 
pressure is about 22 atmospheres. With 2 c.cm. vapor-space at 306°, the 
air pressure is about 1 atmosphere, while the vapor-pressure is about 9? 
atmospheres.* Hence the variation in conductivity due to the residual 
air pressure is probably n^ligible. 

Down to the lowest level ordinarily used, namely with the bomb three- 
quarters full, the height of the solution in the bomb has no effect on the 
conductance-capacity. In the experiments for determining the vaporiza- 
tion-correction at 306°, however, the bomb was only half full at 18° ; the 
effect on the conductance-capacity was determined l^ filling the bomb only 
to this level with a standard potassium chloride solution. The results are 
given in section 81. The correction for the variation in conductance- 
capacity with the temperature was made as described in section 36, 
Part IV. 

7B. PREPARATION OF THE SUBSTANCES AND SOLUTIONS. 

The weights used in weighing out the solid substances and solutions 
were all standardized in terms of the one-gram weight as standard. All 
wei^ts were reduced to weights in a vacuum before being used in cal- 
culations. The atomic weights used were those reported by the Interna- 
tional Committee in 1904, referred to oxygen as 16.00. 

All solutions both strong and dilute, except those used for determinit^ 
the conductance-capacities of the apparatus, were made up, analyzed, or 
titrated wholly by weight ; the results are therefore independent of tem- 
perature, and are expressed in terms of milli-equivalents per kilogram of 

*Bate1li, Landolt-Bornstein-MeyerboSer Tabellen, p. 123 (1905). 
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solution. All of the dilute solutions were diluted in a weighed 500 ccm. 
flask, provided with a stopcock and delivery tube, and were forced in or 
out by purified air. All flasks and bottles used for making or keeping 
solutions were steamed out for several days, after standing for some time 
filled with a dilute alkali solution. 

The water was made by redistilling ordinary distilled water, after add- 
ing to it alkaline permanganate which had been previously boiled. It was 
distilled frwn a steam-jacketed copper still, and ctmdensed hot in a tin 
condenser, a large part being allowed to pass away as steam. It was 
collected only in two- or four-liter hard glass "Non-Sol" bottles furnished 
by Whitall, Tatum & Co., and allowed to cool in these, as hot water dis- 
solves ordinary glass appreciably. The first and last portions cf the dis- 
tillate were rejected. No water of specific conductance greater than 
0.9 X 10"* at 18° was used in making up the solutions. 

The salts used for determining the conductance-capacity were sodium 
and potassium chlorides and potassium nitrate. The sodium chloride was 
made by precipitating Baker and Adamson "C. P." salt twice with hydro- 
chloric acid gas. The potassium chloride was made by precipitating the 
"C, P." salt fumi^ed by Baker and Adamson with hydrochloric acid 
gas, and crystallizing from hot water. The potassium nitrate was made by 
twice recrystallizing "C. P." salt from the same source. The salt gave 
no test for sulphate or chloride. 

In preparing the solutions, the sodium and potassium chlorides were 
ignited in a platinum dish, the potassium nitrate dried at 130° to constant 
weight; the proper quantity of salt was weighed out and dissolved in 
a 3-liter flask, and the solution then diluted to the mark. The conductance 
of a sample of the water used was tested at the same time. A fresh solu> 
tion was made for every determination. 

Ten liters of an approximately 0.1 normal solution of hydrochloric add 
were prepared from strong "chemically pure" acid, as a titration stand- 
ard.* This was analyzed by precipitation with silver nitrate, and by 
titration against a solution of sodium carbonate, prepared from pure 
sodium bicarbonate, using methyl orange as indicator. The acidity deter- 
mination was practically identical with the chlorine deteirnination. The 
value used was 90.46 milli-equivalents per kilogram of solution-f 

*50 ccm. of the strong acid were evaporated to dryness on a steam-bath; the resi- 
due was organic, and amounted to only O.OI per cent of the total hydrochloric add. 
30 ccm., evaporated with barium chloride, gave no test for sulphate. The water 
used in diluting it had at 18° a conductance leas than 1.4 X lO"*. 

tDerived from the following data: 

GrUDi of tolatiiHi 91.81 104.70 lOB.SS 11«.G> 

GruniAga 1.2109 l.»679 1.J748 l.l4tE 

UiUi-eqaiv*leDttBa|wrkUognm... 90.44 SO. 45 90.47 90.4* 

lieu 90.4S. Atctii* dcrimtion = O.Ot per cent. Br titration ot NuCOi. .90.41. 
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A barium hydroxide solution was prepared for the purpose of titnititi£ 
acetic acid solutions. This was found by titration against the standard 
hydrochloric acid, using phenolphthalein and excluding carbon dioxide, to 
have 80.73 milli-equivalents per kilogram of solution.* 

The ammonia solutions were from two independent sources: first, a 
special preparation of specific gravity 0.90, obtained from Baker and 
Adamson, marked "free from amines, carbonate, and silicate"; second, 
redistilled liquid ammonia. The solutions were made by filling a 6-liter 
bottle with conductivity- water, displacing this completely with pure air, 
then forcing in water of conductance less than 0.9 X 10*'. When the 
strong ammonia solution was used, it was introduced by means of a pipette, 
under the surface of the water. When liquid ammonia was employed, it 
was first drawn off into an iron cylinder and allowed to stand in contact 
with metallic sodium for several weeks. From this cylinder it was dis- 
tilled, passing through plugs of asbestos into a small glass bulb from 
which the air had been previously evacuated ; this bulb stood in a tube of 
liquid ammonia, which was kept rapidly evaporating by a current of air 
over the surface of the liquid. The ammonia within the bulb was thus 
condensed until the pn^r quantity was obtained (about 15 c.cm.) ; the 
air current was then stopped, the ammonia surrounding the bulb partly 
removed, and the pure ammonia within was allowed to distill through a 
plug of cotton directly into the water, through the exit tube of the bottle. 
The Ust cubic centimeter was rejected. A procedure adopted later con- 
sisted in distilling the ammonia from the iron cylinder into a flask contain- 
ing solid ammonium nitrate, and kept in a freezing mixture. The nitrate 
readily absorbs its own weight of ammcaiia, and the mixture has a rela- 
tively low vapor pressure, so that the ammonia could be preserved in the 
flask, which was closed by a glass stopcock, and could be redistilled there- 
from at room temperature when needed. 

The concentration was determined by titrating the standard hydro- 
chloric acid with the ammonia, using as indicator at first phenacetolin, 
and later Congo red, both of which gave a better end-point than methyl 
orange. The solutions could not be kept long, as they began to increase 
in conductance after about three weeks, probably because of action on 
the glass, and they were not considered trustwor^y after the conductance 
had risen 0.2 per cent. The following list gives the date of making the 
stock solutions, and the source from which the ammonia was obtained ; the 
number corresponds to that in section 88. 

•Derived from the following data : 

GrUDi HO wlaUoD TD.IG at. II Tt.M 

Granii Ba<OH)i •olotlon 1t.1t M.M M.H 

HOli-cqairilcnU per kilo^un I0.T4 10.76 10. (8 
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(1) February 30, 1905. Same as stock solution No. 3 of Noyes and Kato <see 

Part VI). 
(S) April II. From Baker and Adamson's aqua ammonia used by Nojres and 



, , _ e 16. From liquid ammonia. 
<o) June 24. Frran same supply as No. 3. 
(7) July 19, (8) October 16, and (9) November 2. From liquid ammonia. 
(ID) February S, 1906, and (11) February 19. From liquid ammonia distilled 
from ammonium nitrate. 

(12) March 3. From a new supply of Baker and Adamson's aqua ammonia. 

(13) May 22. From same supply as No. 11. 

The acetic acid was made from a preparation oi Kahlbaum, marked 
"99 - 100 per cent." This was twice fractionated by freezing, and once 
distilled, the yield being 200 grams out of 626. The distillate was received 
in three fractions. Solutions Nos. 1 and 2 (July 14, 1905) were made from 
the second and third fractions respectively. No. 3 (July 18) was from tiie 
same acid as No. 2, redistilled once. Nos. 4 (October 9, 1905) and 6 
(May 6, 1906) were from the same acid as No. 1, redistilled twice. No. 
6 (May 12, 1906) was made from a new supply of the Kahlbaum acid, 
redistilled three times, the portion used distilling at 117.7° to 118.0*. The 
concentration was determined by titrating the standard barium hydroxide 
with the acid, using phenolphthalein as indicator and excluding carbm 
dioxide. 

The ammonium acetate solutions were made by mixing weighed quan- 
tities of the ammonium hydroxide and acetic acid solutions in such propor- 
tion as to form a neutral solution. Large enough quantities were taken 
to make the error of weighing negligible. Solution No. 1 was made from 
ammonia No. 7 and acid No. 3 ; No. Z, from ammonia No. 8 and acid No. 4. 
The same solutions were used in adding an excess of acid or base as were 
used in making the neutral salt solution, except in the experiments fol- 
lowing Expt No. ^.18; in these, acid solutions Nos. 6 and 6, and ammonia 
solution No. 13 were used. 

The ammonium chloride was made by first subliming Baker and Adam- 
son "C. P." salt, "free from traces of hydrocarbons," then recrystallizing 
this salt three times. Part of the salt was dissolved in water of specific 
conductance 0.8 X lO"*, and the concentration of this solution (No. 1) 
found by precipitation with silver nitrate to be 100.8 milli-equivalents per 
kilogram.* For comparison, solution No. 2 was made by mixing the 
prc^r quantities of standard hydrochloric acid and ammonia No. 9. 

The sodium acetate was made by recrystallizing J. T. Baker's "C. P." 
analyzed preparation, the analysis being given as "no iron or other metals. 



•Derived from the following data: 


"iilr 


;:■;•■" 




S3lK„'i!S™»W.iii ■.■.■.■. 


100.77 
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no sulphates, 0.0006 per cent CI." The recrystallized salt was dissolved 
in water of specific conductance 1.1 X 10~*f and the coxiceatratioa of the 
solution was found, 1^ evaporation with pure hydrochloric acid and gentle 
ignition to constant weight, to be IIS.S milli-equivalents per kilogram.* 

79. ERROIU AFFECTING THE SOLUTIONS AND ITIEIR a»RECnCM. 

The effect of carbon dioxide on the conductivity of ammonium hydrox- 
ide solutions can be shown to be very lar^. Thus, the ammonium carbo- 
nate formed by the addition of 0.01 per cent (in mols) of carbon dioxide 
to a 0.1 molal ammonium hydroxide solution is not appreciably hydrolized, 
on account of the large excess of ammonia present ; considering it there- 
fore as being completely ionized, and taking the equivalent conductances 
of NH« and CO, as 64 and 70 respectively, the increase in the specific 
conductance of the 0.1 molal ammonia solution, caused by the addition 
of the carbon dioxide, is found to be 8.7 X 10"*> or 0.9 per cent of that of 
the ammonium hydroxide. That even such a smalt amount, which would 
of course vary considerably, was not absorbed during the filling of ttie 
bomb, is shown by the fact that successive determinations of the resistance 
of the same solution agree at 18° within 0.1 per cent. 

The error due to carbon dioxide in the water used for making the solu- 
tion or in the strong ammonia solution itself, is almost impossible 
to determine. Water at 17' absorbs its own voliune of carbon dioxide 
at atmospheric pressure ; ordinary air contains about 0.04 per cent CO, 
by volume, hence water in equilibrium with ordinary air will contain 
17 X lO'* mols of un-ionized H,CO, per liter. Using Walker'sf value 
of 3040 X lO"'" for the ionization-constant of HgCO, into H+ and 
HCO,~, and taking for the equivalent conductances of these ions 320 
and 50, respectively, the specific conductance of this water should be 
0.8 X 10^- The specific conductance of the water actually used was 
always less than 1.0 X lO^', usually less than 0.8 X 10^ ; but it is very 
unlikely that this water was saturated, since it was condensed hot, and 
afterward kept protected from the air. Hence the lai^^ part of the 
conductance found was probably due to oi^nic bases which distil over 
with the water, or to salts carried over mechanically by the current of 
steam. The view that it is not due to carbonic acid is supported by the 
fact that ammonium hydroxide soluti(His made ftY»n water var^ng in con- 
ductance from 0.5 X lO"* to 0.8 X 10^ show, after subtracting the con- 
ductance of the water, values for the equivalent conductance constant 



lU.il I1S.R4 110.41 

a.7G40 O.TTS* 0.TS16 

III. 10 113.18 llt.lT 



tZ. phya. Chem., 32, 137 (1900). 
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within 0.1 per cent. Samples of the water, after being heated to 218' or 
306*, showed an increased conductance at 18*, and were not changed by 
further beating, indicating the presence of a small amount of some otganic 
substance, which was decomposed or oxidized at the high temperatures. 

If originally present in the strong ammonium hydroxide solution from 
which the diluter solution was made, carbon dioxide of course would have 
the same effect as if present in the water, in givii^ too hig^ a value. In 
&ct, practically any imaginable impurity in the strong solution would have 
the effect of increasing the conductance, so that the lowest value obtained 
should be considered the most accurate one. 

In the first experiments made with ammonium hydroxide, as will be 
shown later in the data, the specific conductance had always decreased 
about 1.9 per cent at 18", after die heating to 218°. The first three experi- 
ments were made without exhausting the air frcnn the bomb; in the third, 
the bomb was twice reheated, causing further diminutions of 0.6 per cent 
and 0.26 per cent In the fourth experiment the air was exhausted down 
to 4 cm. pressure, which reduced the decrease after the heating to 1.3 per 
cent In all cases there was a slight suction when the bcxnb was opened. 

These facts show that some chuige occurred at the higher temperature 
which caused a permanent decrease in the omductance. Any contamina- 
tion would be almost certain to increase it. There was no leak, for the 
conductance at the upper electrode remained perfectiy constant. There was 
no escape of ammonia through the platinum, for the effect did not con- 
tinue to an appreciable extent after the second heating. Adsorption by 
the platinum is not likely, for the effect was almost exactly the same in 
each run. The most probable explanation is that the oxygen left in the 
vapor space, in solution, and on the platinum surface, oxidized part of the 
ammonia to nitrogen and water ; this would account also for the decrease 
of pressure within the bomb, as is .evident from the following equation : 
4NH«OH -H 3 O, = 2N, -I- 10 H,0, which shows a decrease of one mol 
of gaseous substances. 

The oxidation of ammonia in the presence of platinum black seems to be 
a well established phenomenon. Henry* observed that platinum spoi^ 
caused slow oxidation in a mixture of anunooia and oxygen at 193*. 
Mond, Ramsey, and Shieldsf removed oxygen from spongy platinum by 
this reaction. V(»dracel4 found that an 0.087 normal solution is oxidized 
by platinum sponge at ordinary temperatures ; boiling solutions of ammo- 
nium salts are also oxidized by it. Platinum containing no oxygen had a 
slight reducing action. 

*Ann. Philos., 25, 424 (1S8B). 
tZ. phys. Chan., 2B, 657 (1B«7). 
iZ. MKKg. Chem., 39, 84 (lt04). 
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This difficulty can be partly removed, of course, by pumping the air 
out as completely as possible. This causes no appreciable loss of ammo- 
nia, since its partial pressure above a 0.1 normal solution at 18* is only 
1,34 mm ;* hence the ammonia present in 20 ccm. of the vapor above the 
solution is only 0.01 per cent of that in the solution. But some oxygen 
still remains dissolved in the solution and in the platinum, and causes 
oxidation of the ammonia. Hence the most feasible plan was to pump out 
the air before the heating till the pressure became 2 or 3 cm., and to 
determine after the heating the strength of the solution, by titrating the 
solution left in the bomb. 

There is some error in the titration of an ammonia solution so dilute as 
0.01 normal, as the end point is not sufficiently sharp. The method used 
was to adopt a standard color, add an excess of add to a portion of the 
solution, and titrate to the standard color with the residue of the solution. 
The percentage error of the titration was at the same time determined by 
titrating similarly a portion of the unhealed solution, whose concentra- 
tion was known. Solutions 6.1 and 6.S were titrated with phenacetolin, 
the correction for the titration-error being + 1.0 per cent ; the other dilute 
solutions were titrated with Congo red, for which correction was — 0.3 
per cent. 

In die first experiments with ammonium acetate, the conductance at 
1S° was also found to have decreased from one to two per cent as a result 
of the heating at SIS*. Experiments vrith acetic acid showed that this was 
not alone due to the oxidation of ammonia, but that the acetic acid itself 
had decreased both in conductance and concentration after being heated 
to SIS*. This effect was not sufficiently marked to be taken account of in 
the work of Noyes and Cooper, probably because in their small tempera- 
ture-bath the solution could be heated to constant temperature much more 
quickly, and also because they used unplatinized electrodes, platinum black 
being a catalyzer of the decomposition, according to the work of Sabatier 
and Senderens.f In the heatings to 306* this effect was found to become 
greater with increased concentration of the ammonium acetate solution. 
It seemed possible that it might be due to the formation of acetamide at 
the high temperature and the continued existence of this in tbe solution 
at IS' owing to the rapid cooling. If this were the case, it should be pos- 
sible to reconvert it to ammonium acetate by prolonged heating at about 
100". Two hours heating of one of the solutions at 110° - 120", however, 
produced only a slight decrease, instead of an increase, in the conductance 
at IS*. The existence of acetamide in the solutions at the high tempera- 
tures would give rise to an error in the calculated hydrolysis. That it does 

I (uot). 
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not exist in significant qtutntity even at 306° is shown, however, by the 
agreement of die ionization-constants for water derived from the experi- 
ments with salt solutic«s of very different concentrations, since in these 
the percentage of acetamide should vary greatly, owing to its being pro- 
portional to the product of the ammonium and acetate ion concentrations. 
It was found very difficult to analyze accurately the ammonltun acetate 
solutions left in the bomb. The ammcHumn content could be determined 
within 0.3 per cent by making the solution alkaline with sodium hydroxide 
and distilling off the ammonia into standard sulphuric acid ; but even this 
accuracy could not be obtained in deteimining the acetic acid. The proced- 
ure was therefore changed so as to make the oxidation as small as possible. 
After the initial 18* measurement, the bomb was set in water at 60', and 
was kept evacuated for two or three minutes down to a pressure of a few 
centimeters ; this caused the solution to boil vigorously, so that nearly all 
the air was carried out of the bomb. Several detenninations of the con- 
ductance at 18' after this treatment, showed an increase of only 0.2 to 0.3 
per cent caused by evaporaticHi of water. It is prcdjably safe to assume 
that in the pure ammonium acetate solutions there was no appreciable loss 
of ammonia from the salt, because the hydrolysis is less than 3 per cent 
and the vapor pressure of ammonia therefore practically tnappredable, 
and also because the observed change in conductivity was so small. In 
the solutions containing an excess of ammonium hydroxide or acetic acid 
the loss of these substances that probably occurred by vaporization is not 
important, since the concentration of the excess of add or base needs to 
be known only approximately. The oxidation at 218° was thus reduced 
to O.S per cent or less. This change in concentraticm can be corrected for 
accurately enough by assuming that the change of concentratitHi of ammo- 
nium acetate is proportiooal to the change of specific conductance at 18*. 
In all the experiments at 306* the same procedure was followed, but the 
loss by oxidation of the salt could not be kept so low. It was necessary, 
also, to determine the excess of ammonium hydroxide or acetic acid after 
each experiment, since the addition of one equivalent of base or acid at 
306* produces a mudt greater change in the hydrolysis and conductance 
than at S18°. The only practicable method found was to empty and dry 
the bomb, replace in it a weighed quantity of the solution, weigh in enough 
acetic acid (or ammonium hydroxide) sdutkm to slightly exceed the free 
ammonium hydroxide (or acid) present, and determine the conductance 
of this mixture. Since a small excess of acid or base has no appreciable 
conductance, the total concentration of the ammonium acetate could be 
calculated from this conductance ; and by subtracting frcnn this the con- 
centration of salt at the end of the experiment, as given by the final 
conductance at 18*, there was obtained the concentration of free a 
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nium hydroxide (or free acetic acid) in the solution investigated. It was, 
however, found that, with solutions containing an excess of acid, this 
excess underwent no considerable change during the heating. That the 
method is accurate within 0.1 per cent was shown by an analysts of a 
known ammonium acetate solution containing a known excess of ammo- 
nium hydroxide. 

This procedure of boiling the solution to remove all air was not used 
with pure ammonium hydroxide, acetic acid or sodiiun acetate, because 
there was no especial advantage in it, since it was in any case necessary to 
titrate the solution after the heating. The procedure was used, however, 
in the expcrinients with ammonium chloride ; the correction on the concen- 
tration for the vaporization of water was found to be the same as in the 
ammonium acetate solutions, viz., about 0.3 per cent In the experiments 
with ammonium dMoride at 306° the concentration of the excess of ammo- 
nium hydroxide after the experiment was determined by titration against 
hydrochloric add. 

The measured conductance of the solution includes that of the water 
and of the small amount of impurities left in the water. The initial 18° 
values were corrected by subtracting the conductance, measured in a small 
Arrhenius cell, of the particular sample of water used in making the solu- 
tion; for the most probable effect of the impurities is to increase rather 
than to decrease the conductance of weak acids and bases. As a basis for 
the correction at the higher temperatures the specific conductance of the 
water and its impurities was determined by making several heatings with 
pure water, following exactly the same procedure as in the regular experi- 
ments. Both my results (reported in this section) and those obtained 
in the other investigations of this series show that the conductance at the 
higher temperatures does not vary much in successive runs, and that it 
is not proportional to the conductance at 18°. 

At 18° the measured conductance of the water is due almost entirely to 
the impurities, that due to the hydrogen and hydroxide ions being inap- 
preciable ; but at 218° and 306° the latter forms a considerable part of the 
whole. Its amount was determined from a preliminary value of the ioni- 
zation-constant (Kw) of water, by the formula l= 10~'CH(AH-f- ^ob) 
where Ca (equal to y/Kv) is the concentration, in equivalents per liter, 
t>i the hydrogen (or hydroxide) tons in pure water, and (Ah-|-^h) is 
the sum of the equivalent conductances of hydrogen and hydroxide ions, 
calculated by adding the Ag value for sodium hydroxide to the difference 
between the A, values for hydrochloric acid and sodium chloride. 
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Table 71 gives the conductance of the water as actually measured in the 
txMnb and its specific conductance at the temperatures 18°, SIS", and 306*. 

Table 71, — Conductance of water. 



«.. 


Cootgcuan X 


IW. 




.XltP>, 


UP 


218° 


18" 


21tf> 


IiM>l. 


rt.id. 


iBlUll. 


Fi»i. 


IMS 
Not* 13... 
Not. 14... 
Not; 1*... 
Not. 15... 

Uean... 

t«M 
Jim« 4... 
Jane B . . . 
Jane 19 . . . 
JnoeSO... 
Juness... 

Mean... 


6.S 
4.4 
3.2 
6.3 


7.1 
7.1 
S.4 
8.B 


48.B 
3S.4 


0.85 

o.«s 

0.45 
O.S 


1.05 
1.4 
1.5 


«.55 

5.3 
5.4 
6.15 








0.7 


1.29 


S.S5 


8.7 
6.S 
7.9 
fl.3 
8.0 


SC.0 
7.8 
17.5 
«.9 
35.S 




1.0 
O.S 

1.2 
0.9 
1.0 


3.S 
1.1 
2.7 
9.4 
3.9 


3D6° 


40.1 

85.7 
70.0 
78.7 
08.3 


6.8 
6.2 

10.7 
•13.0 

10.4 








1.0 


3.6 


8.7 



m ttTcn > weight of one-half, bceaow of Uie iboormaOT 



The data and results of the calculation of the c(Miductance due to hydro- 
gen-ion and hydroxide-ion are as follows : 

Temperature 218* 308' 

Ah -^. AoH 1585 1854 

Speofic condnctance X 10" of conductivity water S.85 8.7 

X 10* of H and OH knu 3.35 2. J 

" " X 10" of impurities 2.5 8.6 

The observed conductance of the solutions was in every case corrected 
by subtracting the conductance of the impurities. The fraction which this 
conductance forms of the conductance of the 10 millt-normal ammonium 
chloride or sodium acetate solutions is about 0.1 per cent at 18°, 0.03 
per cent at 218% and 0.06 per cent at 306" ; and of that of the 100 millt- 
normal ammonium hydroxide or acetic acid is about 0.2 per cent at 18°, 
0.6 per cent at 218°, and 1.0 per cent at 306°. 

The correction for the conductance of ionized water at 218' and 306" 
still remains to be considered. In the solution of pure ammonium hydrox- 
ide and acetic acid this correction is negligible, even in the most dilute solu- 
tions, since the ionization of the base or acid is still sufficient to drive that 
of the water back to an inappreciable quantity. In the solutions of pure 
ammonium acetate, where very nearly equal quantities of add and base 
are produced by the hydrolysis, the conductance of the hydrogen and 
hydroxide ions as given in the preceding table was directly subtracted. In 
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the case of the ammonium chloride and the sodium acetate solutions at 
218° or 308* this correcti<m is conveniently calculated in combination with 
the correction for the hydrolysis of the salt, which is not entirely negli^ble 
even in the presence of the excess of ammonium hydroxide or acetic add 
added. And in the case of the ammonitmi acetate solutions containing an 
excess of ammonium hydroxide or acetic add at 218' and 306°, the vrater 
correction is best combined with that for the conductance of the excess 
of base or add present. Thus in the solutions of ammonium chloride or 
acetate containing an excess of the hydroxide, the concentration of un- 
ionized ammonium Hydroxide is aiq>roxiniatety equal to the concentration 
of the ammonium hydroxide added (Cb) plus that (CA) arising fnHn the 
hydrolysis of the salt (the latter tenn Ch being negligible in die case of 
the chloride) ; and that of the ammonium-ion is given approximately by 
the ratio (multiplied by 10*) of the specific conductance of the solution 
(l), to the equivalent conductance Ag of the completdy ionized salt. The 
combination of the expressions of these two hicts with the mass-action 
equations for ammooitun hydroxide and water g^ves the formulas : 

Co. = i^.5!M5i+^ „a c. = #- 

L COH 

where the concentrations (both those given directly and those involved in 
JCb and /fw) are expressed in equivalents per liter. In the ammonium 
chloride solutions part of the hydrogen corresponds to the excess of 
chloride-ion over ammonium-ion, the remainder to the hydroxide-ion in the 
solution; hence the correction to be subtracted from the spedfic con- 
ductance is: 

ICh'tCoa (Ab-|-Aoh) + (Ch — Coh) (Ab-|-Aoi)] 
In the ammonium acetate solutions, on the other hand, part of the 
hydroxide-ion corresponds to the excess of ammonium-ion over acetate- 
ion, and the remainder to the hydrogen-ton tn the soluti<Mi ; hence the cor- 
rection to be subtracted is : 

10-' [Ch (Ah + Aoh) ■\- (Cob — Ch) (Anh. -|- Aoh)] 
The calculations are in every way similar for sodium acetate and for 
ammonium acetate with excess of acetic acid, Kk and Ca being sub- 
stituted for /fa and Cb, and Ch for Cob; the correction to the specific 
conductance then becoming 

1(H [Cb(Ah -h Aoh) -|- (Coh— Ch) (Am. -}- Aoh)] 
for sodium acetate, and 

10-* [Coh(Ah 4- Aob) -I- (Ch — Coh) (Ah + Aa.) J 
for ammonium acetate. 
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At 18", in the solutions of ammonium chloride and sodium acetate, 
the ionization of water is so small that the above mentioned hydrolysis 
correction entirely disappears; on the contrary, the conductance of the 
added base or acid itself must be subtracted. This correction is cal- 
culated by the mass-action law to be 

WJCC. <^"- + ^') (A„, + A„,) 

for the ammonium hydroxide in the ammonium chloride solution, and 

IQ-'KaCa — ~ — ^ {Ah -f- Aac) for the acetic acid in the sodium acetate 

solution; where Kt (or JCa) is the ionization constant of the base (or 
acid), Cb (or Ca) is the concentration of the added base (or acid) in 
equivalents per liter, Anh,, Aoi and Aoh (or An,, Aa« and Ah) are the 
equivalent conductances of the respective ions, and l is the specific con- 
ductance of the salt in the mixture. 

The effect of the excess of acid or base upon the ionization of the salt 
remains to be considered. In almost all cases this is ne|^gible, as is 
apparent from the smallness of the correction for its conductance; but 
in the dilute solutions of ammonium chloride and sodiimt acetate at 18°, 
the concentration of the common ion from the added base or acid is 
sufficient to diminish appreciably the ionization of the salt itself, so that 
the conductance obtained by subtracting that of the base or acid is not 
the true conductance of the salt at the concentration in question. How- 
ever, no correction was applied for this, since these 18' measurements 
were made only to show whether any contamination or change had taken 
place in the solution during the heating. 

The concentration is diminished in the case of the more volatile solutes 
by the volatilization of a small amount of the solute. In the case of 
acetic acid at 218°, Noyes and Cooper (section 49, Part V) have already 
shown that the concentration is not appreciably affected by vaporization 
into the small vapor-space of 2 or 3 c.cm, usually present The total cor- 
rection to be applied to the concentration for the vaporization of both 
water and solute was directly determined for ammonia at 218* and 302* 
and for acetic add at 306° by measuring the difference in conductance 
produced by increasing the vapor-space frcwn 2 ccm, to 30 or 50 ccm. 
Without describing the details of the experiments or of the calculation, 
the results may be stated. It was found that the correction to be made 
on the concentration per cubic centimeter of vapor-space in the case of 
ammonium hydroxide solutions is — 0.025 per cent at 218* and — 0.12 
per cent at 302* or 306", and in the case of the acetic acid solutions is 
— 0.05 per cent at 306*. Thus the correction is negligible at 218' for the 
ammonium hydroxide just as for acetic acid, and is small for both sub- 
stances even at 306*. 
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80. THE SPEanC-VOLUME DATA. 

To change the concentration by weight to concentration by volume 
at the temperature (*) of the measurement, the number of milli-equiva- 
lents per kilogram of solution was multiplied by the density of the solu- 
tion at 4° and by the ratio of the specific volume at 4* to that at f*. The 
density was taken as uni^ in most cases, but special values were used 
in the case of solutions stronger than 0.04 normal.* 

Noyes and Coolidgef have found that sodium and potassium chlo- 
rides in 0.1 normal solution have substantially the same specific-volume 
ratio at 306°, and that this specific-volume ratio differs from that of 
water by only 1.0 per cent. Since the scdutions of ammonium chloride, 
sodium acetate, and ammonium acetate used in the present work were 
all less than 0.03 normal at 306*, it was considered unnecessary to deter- 
mine the specific-volume ratios for them ; but these were assumed to be the 
same as for sodium and potassium chlorides, and the deviation from the 
ratio for pure water was assumed proportional to the concentration. At 
18°, in all cases, the specific-volume ratio for pure water, 1.0013, was used. 

For ammonium hydroxide and acetic add, determinations of the 
specific-volume ratio were made at the highest temperature on solutions 
sufficiently strong to show the deviation from pure water. For correc- 
tions at smaller concentrations, and at 218°, the deviation from tlie ratio 
for pure water was assumed proportional to the concentration and to the 
temperature difference. The error introduced by this assumption can not 
be greater than 0.1 per cent. 

The procedure for determining specific volume was the same as that 
employed by Noyes and Coolidge. In table 72 the first column gives 
the date ; the second, the concentration in milli-equivalents per kilogram 
of solution; the third, the weight (in vacuo) of the solution in grams; 
the fourth, the temperature of measurement {t') ; the fifth, the volume 
of the solution at this temperature; the sixth, the weight of solution cor- 
rected for vaporization into the vapor-space; the seventh, the specific 
volume of the solution at f° ; the eighth, the specific volume corrected to 
302" (or 306') by adding 0.0043 per degree ; and the ninth, the ratio of 
the specific volume at f to that at 4°. 

*The values of the density employed are as follows; 

AmnoDii 0.1 nDrmd 0.9991 Detenniiied br pycnometcr. 

Ammonia O.E nonaal 0.99S1 Lonn «t ol., Ltndolt-BiTnatciD.MeiFerlioSeT'i 

Tabdien, 119 (190E). 



..6.B nornul 
. .0.04 xurnul 
. . ' 04 normal 



0043 Rejber, ibid., p. 344. 

OOOt Diiken, ibid., p. ISfl. 

0020 Pram, >Md„ p. ISB. 

OOOa Hager, ibid., p. tlO. 
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The specific-volume rario for water at 302° is 1.417 ; at 306* 1.4366. 
The values for the ammonium hydroxide and acetic acid solutions there- 
fore differ from that for water by 1.6 per cent and by 0.6 per cent 
respectively. 

The two determinations of the volume of the bomb, made for the 
above measurements, gave 187.9 c.cm. and 128.0 ccm. respectively for 
the volume at zero, which corresponds to 129.5 ccm. at 306°. The values 
of the thermal expansion-coefficient of the bomb, by means of which the 
latter value was calculated, are reported in section 21, Part III. 







Table 72.— The 


tpeciSe-volume data. 








Due. 


UilU.<qili. 

k<iof«. 


Hiadu. 




VdIsih 11 

f. 




l».<ldc»I.K 1 


■I*". 


Al'". 


A<arf>. 


^'. 


190B 

Feb. 27 .. 

Mar. 3 .. 

Mean .. 


523 
S13 


88.89 
88.96 


300.8 
301.5 


127.48 
127.61 


SS.61 
88.49 


1.4387 
1.4421 


1.444 

1.4445 


1.438 

1.4385 


\ 


i 






1.4385 


ACtTlC ACIB. 1 


p.-. 


•l»nt«i 

kihx.«. 


Wil(k( 

al 
•olartoB. 


T«re»- 


ValBaen 




■»C(llt valaM 1 


»t<o. 


Ar 1". 


AlX«°. 


SMW 


1906 
Max 13 .. 
Has IS .. 

Mean .. 


431 
431 


88.13 
88.60 


30S.1 
306.0 


1S«.54 
127.36 


88.02 
88.53 


1.4376 

1.4386 


1.4419 
1.4385 


1.447 
1.444 














1.4499 



81. CONDUCTANCE-CAPACrrY OF THE APPARATUS. 

The conductance-capacity was determined by measuring the conduct- 
ance in the bomb of solutions of known strength, and dividing these 
values into the known specific conductance of the solutions as deter- 
mined by Kohlrausch.* These solutions were made to contain at 18' 
an exact number of equivalents in one liter. In table 73, the fif^ 
column gives the measured conductance of the solution ; all the measure- 
ments in 1905 having been made at 17.96°, those in 1906, at 18.00°. 
The sixth column gives the conductance reduced to 18.00° and corrected 
for the conductance of the water. The seventh and eighth pve the 
conductance-capacities at 18°, and at 218° or 306° respectively. 



Sodium chloHde. 



liO.47 

iai.»t 

SS.lt 
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Table 1Z.~-Valtus of the eoHduclance-capacily. 



Bomb 4 

Bomb 4 

Bomb 4 
Bomb 4 

Bomb 4 
Bomb 4 

Bomb 3 

Bomb 3 
Bomb 3 


Dm. 


Ml. 


mUur. 


C«4.tui 


«.yio«. 




-eipKltr. 


Obtnt*. 


CfHCIeJ 


18° 


n^ 


1B05 
Apr. 6 .. 

Apr. 7 .. 
Apr. 8 .. 

Jtly 22 .. 
Jnly 23 .. 
July 24 .. 

1906 

Feb. 12 .. 

•Feb. 12 . 

Mar. 2 .. 
Mar. 11 .. 

Apr. 23 . . 
May 16 .. 
June 6 .. 

Jnne 22 . . 

Jiuw 25 .. 
Jane 20 . . 
July 2 .. 

July 3 .. 

1005 
Jaly 12 .. 

July 13 .. 


KCL... 
KCI.... 

Kcr.... 

KCL... 
KNO,. 
Mean.. 
KCL... 
KCL... 
KNO,. 
NaC)... 
U«aii.. 

KCL... 
NaCI.. . 
Uean.. 
KCI.... 
NaCL.. 
Mean.. 
NaOL. . 

Ka.... 

Mean.. 
KO.... 
Ka.. . . 
KCI.... 
Mean.. 
KCL... 
KCL... 
Mean.. 
KCL... 
KCL... 
KCL. . . 
Mean.. 
KCL... 

KCL... 
KCI.... 
NaCL. . 
NaCL. . 
KNO... 
Mean.. 


10.00 
10.00 
10.00 
10.00 
10.00 


8.m 

8,175 
8,173 
8,171 

7.888 


8.172 
8,178 
8,174 
8,172 
7.889 


0.14083 
0.14074 
0.14977 
0.14983 
0.14962 










0.14980 


0.14941 


10.00 
5.00 
5.00 

10.00 


8.154 
4,147.5 
4,023.5 
6.802 


8,157 
4J46.5 
4.019. S 
6.801.5 


0.15010 
0.15002 
0.14985 
0,14989 










0.14997 


0.14958 


10.00 
10.00 






0.14894 
0.14890 


306" 


8,228 
8,855 


8.220 
6347 










0.14892 


0.14828 


10.00 
10.00 


8,191 
6,824.5 


8.183 
6.816.5 


0.14962 
0.14956 










•0.14939 




10.00 
10.00 


6,950 
8,351 


6,942 

8,344 


0.14686 
0.14673 









0.14680 


0.14617 


10.00 
10.00 
10.00 


8,342 8.334 
8,342 1 8,334 
8,355 1 8,346 


0.14691 
0.14691 
0.14669 









0.14687 
0.15340 
0.15343 


0.14624 


10.00 
10.00 


7.990 1 T.981 
7.987 7.980 




8,0)0 
8,021 
8.015 




0.15341 


0.1S275 


10.06 

10.00 
10.00 


8.002 


0.15300 


0.15334 


8.013 
8.008 


0.15280 
0.15280 










0.15284 


0.1.'.218 1 


Bomb 3 


10.00 


912.5 1 911.6 


1.3431 


1.3346 ' 


"sr 


10.01 
10.01 
9.99 
20.00 
10.00 


jiiii 
iiiii 


0.4679 
0.4674 
0.4678 
0.4677 
0.4676 










0.4677 





thU cue the bomb CI 






The comparison of the first two mean values in table ?3 shows an 
increase in the conductance-capacify of only 0.1 per cent in four months ; 
and the close agreement in the specific conductance of the same ammo- 
nium chloride solution, measured in the bomb and in the pipette cell 
at the close of the measurements at 218° (see table 74, experiments 
l.S a and 1.5 b) shows that the conductance-capacity had remained prac- 
tically constant up to that time. But when redetermined after the first 
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five experiments at 308° (see table 76, experiments 10 a - 10 e) the con- 
ductance-capacity had decreased by 0.65 per cent A comparison »f the 
initial data at 18' of these five experiments showed that three-fourths of 
this change took place at the first heating to 302*, which was made for 
the purpose of steaming out the b<Hnb. The remaining 0.2 per cent 
change was therefore distributed equally over the five experiments. 

Just before March 2, 1906, the lower electrode was removed, replaced, 
and replatinized, the conductance-capacity being thereby changed. The 
succeeding determinations show that it remained constant at the new 
value. The last two determinations of February 12, 1906, in table 73, 
were made with only 60 ccm. of solution in the bomb. The conductance- 
capacity was increased 0.45 per cent by this change in the depth of the 
solution ; it was found independent of the depth when the volume of the 
solution exceeded 85 ccm. {See section 78). 

The electrode of bomb No. 3 was replatinized after the experiment 
of June 20, 1906, and was removed, replaced, and replatinized before the 
experiment of June 28, the conductance-capacity being changed slightly 
each time. On July 3, the cylindrical electrode was removed, and a 
quartz cup put in, for work with the stronger ammonium chloride and 
sodium acetate solutions. 

82. THE OOTrtHJCnVITY DATA. 

In the following tables are recorded the data actually observed,* which 
form the basis of subsequent theoretical calculations. For convenience 
there are also included in these tables the corrections for impurities in the 
water, and for the residual hydrolysis or for the added base or acid in 
the case of ammonium chloride and sodium acetate, which corrections 
were discussed in section 78. 

The first colunm gives the date of the experiment. The second gives 
the number of the experiment ; the figure before the decimal point is the 
number of the stock solution, that after the decimal point the number 
of the dilute solution prepared from the stronger one; successive runs 
with the same solution are designated by appending the letters a, b, etc. 
In the next column or columns is given the concentration of the solute 
or solutes in milli-equivalents (referred to the oxygen-equivalent as 
8.000) per kilogram of solution. The column headed temperature (t) 

•Ten experiments at 818°, and fifteen at 3M°. were rejected on account of leakage 
of solution out of the bomb. The initial 18° measurements on thest solutions were 
usually not affected, and have therefore been included among tiie data. Three other 
expentnents at 218 , and one other at 306°, were not used in deriving final values 
on account of an abormal difference between the initial and final conductances at 
18°; but the data of these experiments are ^ven for the sake of completeness. In 
addition, several measurements with ammonmm acetate at 218° have been omitted, 
because a more complete and accurate series was made later. 
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gives the temperature of the measurement in degrees centigrade on 
the hydrc^:en scale. The next column gives the measured conductance 
in reciprocal ohms, multiplied by 10* and corrected for calibration and 
lead resistance. (The letter G shows that the data were obtained in the 
glass cell of pipette form.) 

In tables 74 and 76, the next four columns give the values of the 
specific conductance multiplied by 10*. The first of the four gives the 
uncorrected value, obtained by multiplying the measured conductance by 
10* and by the conductance-capacity given in table 73 for the date next 
preceding that of the experiment; the second gives the values obtained 
from these by subtracting the conductance of the impurities of the water 
given in section 79 ; and the third and fourth give the same values fur- 
ther corrected as described in section 79 for the conductance of the 
added base (or acid) at 18° and for the ionized water and residual hydrol- 
ysis at the higher temperatures. The last column gives the equivalent 
conductance, calculated by dividing the corrected specific conductance 
by the number of equivalents per liter at f. These last were derived 
from the milli-equivalents per kilc^ram as described in section SO, and are 
given in tables 80 and 81. 

In tables 76 and 7? the sixth and seventh columns contain the specific 
conductances, uncorrected, and corrected for the conductance of the 
impurities in the water. The last two columns contain the correspond- 
ing equivalent conductances. Both are given since there may be some 
question in these cases as to the way in which the water correction should 
be applied. 

In table 78, which contains the results with ammonium acetate, the 
equivalent conductances are not given, since the subsequent calculations 
are based on the specific conductances. The last column of the table 
gives the percentage change of the specific conductance at 18*, due to 
oxidation or decomposition. The values of milli-equivalents of salt per 
kil<^am corresponding to the conductance at the higher temperature and 
to the final conductance at 18* were obtained from the initial content by 
changing it by a percentage amount equal to the above mentioned 
percentage change in conductance. No similar correction was applied 
to the acid or base content, except in the case of the experiments carried 
to 306' with solutions containing an excess of base, in which case the 
change in content was directly determined, as described in section 79, 
to be that given in the table. 
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Table 74. — Conductivity data on ammonium chloride. 



Mllli-«4alril>iD 



Nov. 21 ] 
Not. 

Not. 2a 1.4 

Not. 23! 



Dec. 19 
I>ec. 20 
Dec. 2Z 



Mar S9 
June 30 
July s 



2339 
2366 
2J6S 
2.241 
2.248 
2.S48 
a.241 
2.248 
2.248 
10.03 
10.06 
10.06 
12.08 
12.115 
12.115 
12.065 
12.065 



2.901 
2.905 
2.90S 
8.855 
2.856 
2.856 
14.295 
14.295 
14.205 
43.45 



lT.ee 2,S45a 
25.00 3,2880 
17.98 2,009 
17.98 2,010 

218.1 10,760 
17.98 2,041 
17.98 1,011 

818.6 10,240 
17.98 1,922 
17.981 1,917 

2183 10;255 
17.98 1,92S 
17.98 

218^ 
17.98 
17.98 

217.8 



17.9 
1S.00 

laoo 

18.00 
29.00 

18.00 
304.6 

18.00 

18.00 
305.0 

16.00 



11,785 

9,877 

3,1420 

9,799 
610 G 
705 G 



1,330.5 

1,538 
301.4 
301.9 

1,610 
306.1 
286.6 

1,531.5 



1,534 

289.2 
i;e33.s 

6,503 

l^S 

l,47a.( 

7,746 

1,481.3 

1,469 

1,469.5 
283.3 
339.9 



43.43 4334 



2,632 
14,300 

2,658 

18.00 11,420 

61,020 

11,430 

3,759 
18,930 

3,764 



1,329.5 . . 
1.537 .. 
300.B : 

300.9 298.7 
1,607.5 . . 

304.8 302.6 

235.9 : 
1,529 .. 

286.9 284.7 
S8&8 284.6 
1,631.5!.. 

287.9| 285.7 
1,232.3! 1,230 

6,300 i 

1,238 [1,235.5 
l,474.5'l,4T2.; 

7,744 

1,480 1.478 

1,468 

1,468.51 



1,601 



1,322.5 

i,'!U!5 

6.494 



304.1 
18.C 
l&OO 

303.3 
18.00 



380.9 
2,113 
381.3 
385.4 
2,08a5 2,083 
390.0 386.' 
1,743.3 1,743 



1,730.5 1,747 11.739 

5,048 3,047 5,042 

25,263 23,260 

3,056 5,052 5,047 



2,092 
2,OT5 
9,253 
25,215 



122.15 
141.39 
12A.8 
12635 

8oe.« 

1S8.I 

126.75 
804.0 
126.85 
127.2 
803.0 
127.3 
12S.8 
765.9 
123J) 
122.1 
737.1 
122.15 
121.85 
121.9 
1263 
146l23 

127.13 
1.028 
1273 
127.35 
,038 
12S.B 
121.63 
922^ 
1213 
116.15 
827.B 
116.3 



Table 75. — Conductivity data on sodium acetate. 



Dull. 


4rt- 


MJ1II«| 


.}»>««, 


J^^ 


C«4.ei. 




£a- 


MikUofn. 


•^4. 


COCHKMht 


Ho. 


ClbCOtHi 


aucoiH 


llW'l- 


HCMM* 


W«r 


1906 
June 21 

June 22 

July 1 

Jnly 3 


1.3 
1.4 


2348 
2.848 
2.S46 
2.810 
2.810 
2.810 
14.15 
14.15 
14.13 
42.49 
42.49 
42.49 


8.82 
7.46 
7.40 
14.46 
11.67 
11.37 
2330 
21.99 
21.99 
47.67 
45.29 
43.29 


18.00 

304.3 
18.00 
18.00 

304.9 
18.00 
18.00 

304.8 
13.00 
18.00 

3043 
18.00 


1,530.5 

10.30S 
1.534.5 
1,607.5 

10,355 
1,603.5 
6.671 

43.700 
6,666 
2,123 

13,685 
2,122.5 


2343 
1,604.5 

233.4 

2463 
1,581.5 

246.3 
1,019.5 
6.935 
1,019 
2,831 
18,265 
2,851 


234.2 
1,599 

231.3 

246.0 
1,576.5 

242.7 
1,0183 
6,050 
1,015 
2330 
18,260 
2,8*7 


2143 

' 214.9 
213.0 

' 2163 
1.007.3 

1,004.6 
8,842 


1.5m" 
1,569 ■ 
6^929 ■ 
18,Kio" 


753 

794 
7535 
75.9 

797 
77.1 
713 

6983 
71.1 
66.83 

0063 
06.8 
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Section Si.— The Conductivity Data. 
Table 76. — Conductivity data on ammonium hydroxide. 









HUU- 






■rulle a 


■dieUQCc 


BqiiTlIlDl CIU- 


Du 


.. 




uJSU 




UH x'u^ 








u.. 


ConHM. 


"- 


Colnrud. 


1905 


















Feb. 


21... 


la 


».» 


17.95 


2.067 


310.2 


309.7 


3.111 


3.106 


Feb. 


25... 


lb 


90.6 


17.95 


8,066.9 


310.1 


309.S 


3.110 


3.105 


Apr. 


U... 


2a 


103.45 


17.96 
216.9 
17.95 


8,104.5 

3.047 

2.065.5 


315.3 
4G5.2 
300.5 


314.6 
452.7 
308.2 


3.0S5 


3.048 


Apr. 


15... 


2b 


103.45 


17.95 
216.9 
17.95 


8,10* 
3.078 
2.067.5 


315.8 
4S9.9 
30S.8 


314.5 
4S7.4 

308.5 


k'.iisk 


'sioi? 


Apr. 


18... 


2c 


103.45 


17.96 
217.1 

17.05 
217.1 

17.95 
217.6 

17.95 


2,105 
3.105 
2.068 
3,106 
2.055 
3.004 
2^040.9 


316.3 
464.0 
300.9 
464.1 
307.9 
4S2.3 
307.1 


314.6 
461.S 
308.6 
461.6 
300.6 
459.8 
309.8 


'slosi 


'siois 


Apr. 


81... 


2d 


103.45 


17.95 
216.5 
17.95 


2;104.5 

3,087 

2,078 


315.3 
461.3 
311.4 


314.6 
45S.B 
310.1 


3! 055 


'sIms 


Jane 


&.. 


3 


S9.S 


17.95 


1.964.5 


894.3 


203.6 


'3!292 


'a'.iu 


Jtuw 


10... 


4 


94.05 


17.05 


2,009.5 


301.0 


300.5 


3.208 


3.203 








02.0 


217.3 


8,880 


431.6 


429.1 


S.520 


S.488 








92.9 


17.95 


1,992.5 


308.5 


297.2 


3.220 


3.206 


June 


17... 


5a 


106.85 


17.05 


8.140 


320. 6 


320.0 


3.008 


3.002 








10S.8 


217.7 


3,067 


458.3 


455.8 


9.151 


5.128 








105.8 


17.95 


8,117 


317.3 


316.0 


3.00a 


2.994 


June 


16... 


5b 


106.85 


17.95 


8,130 


320.4 


319.8 


3.006 


3.000 


June 


20... 


•5C 


106.85 


17.95 


8,137 


320.1 


310.5 


3.003 


•2.997 








105.35 


217.7 


3.078 


480.0 


457.5 


5.136 


5.108 








105.35 


17.05 


8.110 


316.1 


314.8 


3.007 


2.995 


June 


21... 


•M 


106.85 


17.95 


8,140 


320.6 


320.0 


3.008 


•3.002 








105. « 


217.4 


3,081 


4S0.3 


457.8 


6.185 


9.007 








105.6 


17.95 


8,108.5 


316.0 


314.7 


E.998 


2.986 


Jnne 


25... 





85.95 


17.95 


1,923 


288.0 


287.2 


8.3SS 


3.349 


June 


30... 


6.1 


9.35 


17.95 


627.4 


94.0 


03.1 


10.06 


9.97 








8.065 


817.7 


052. S 


142.3 


130.8 


18.83 


18.49 








s.g«s 


17.95 


618.7 


92.7 


91.4 


10.35 


10.21 


July 


4... 


6.2 


10.17 


17.96 


652.1 


07.7 


07.2 


9.58 


9.97 








0.7BS 


817.5 


969.5 


144.9 


142.4 


17.55 


17.29 








9.785 


17.95 


«37.e 


99.6 


94.3 


0.78 


0.69 


JnlT 


21... 


7a 


sa.o 


17.08 


629.SO 


204.6 


204.1 


3.283 


3.278 


July 


21... 


•7b 


89.9 


17.95 


1,963 


894.4 


293.0 


3.280 


•3.275 








8S.9 


817.4 


2,846 


425.7 


423.2 


5.617 


5.583 








88.9 


17.95 


1,933.5 


SOO.l 


288. S 


3.260 


3.255 


Oct. 


17... 


8 


146.45 


17.05 


799.6 G 


373. B 


373.2 


2.560 


2.955 


Not. 


8... 


9 


134.55 


17.95 


767.1 G 


398.8 


358.1 


2.673 


2.668 








184.55 


24.97 


893.6 G 


418.0 


417.2 


3.110 


3.113 


Not. 


4... 


».ia 


10.51 


17.95 


660.6 


90.1 


08.6 


9.45 


0.40 


Nov. 


5... 


S.lb 


10.51 


17. 9S 


662.2 


09.3 


08.8 


0.47 


D.4B 








9.715 


218.0 


934 


139.7 


187.3 


17.06 


16.70 








9.715 


17. 9S 


631.0 


04.7 


03.4 


9.75 


9.62 


Not. 


7... 


9.2 


18. 70S 


17.95 


730.5 


100.6 


109. 1 


S.63 


8.50 








12.165 


217.2 


1,072 


160.4 


157.9 


19.63 


19.39 








12.166 


17.05 


713.6 


107.1 


105.8 


S.S2 


8.71 



*I1.E, 11. and )S ccm. of vipot (pace rttpcctlTCljr in cxpcrimenti Ic, Ed, and 7b. 
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Uilll- 






«»«■*(« 


i>4iclu« 


EqilT.1 


Mcm- 


Dll*. 


EipnI. 
No. 


kllotru. 


tBRl°. 


■net xtv. 




0".' 


<■« 




On- 


OHKCHd. 


«™tt*. 


Co,„.«.. 


IWU 


















Not. 9... 


9.3 


12.B4G 


17.95 


730.0 


109.6 


109.0 


8.68 


8.03 






10.97 


217.5 


1.032 


154.4 


151.9 


18.69 


16.41 






10.97 


17.95 


692.9 


104.0 


102.7 


9.49 


9.37 


Nov. 11... 


9.4 


13.S3S 


17.95 


759. B 


114.0 


113.4 


8.38 


8.33 






12.3ft 


217.7 


1,089.5 


160.0 


157.5 


15.35 


15.11 






12.3« 


17.95 


718.4 


107.8 


108.5 


8.74 


8.63 


IMM 


















Feb. 3... 


10a 


147. fiS 


18.00 


2,511 


375.6 


374.9 


2.551 


2.S47 






134.1 


301.8 


1,054 


158.7 


130.2 


1.671 


1.601 






134.1 


18.00 


2,440 


364.6 


301.0 


2.725 


2.69S 


Feb. 5... 


tlOb 


147. S5 


18.00 


2,513 


375.5 


374.8 


2.651 


12.546 






137.16 


301.0 


1,041.5 


154.9 


148.3 


1.612 


1.544 






137.15 


18.00 


2,368 


353. 6 


349.9 


2.584 


2.S57 


Feb. 5.. . 


tioc 


147. SS 


18.00 


2,301 


37S.0 


374.4 


2.548 


2.544 






126.35 


301.8 


986.3 


146.3 


139.7 


1.809 


tl.728 






126.35 


18.00 


2,315 


340.0 


343.3 


2.752 


2.723 


Feb. 7.. . 


tiOd 


147. SS 


18.00 


2,306 


375.5 


374.8 


2.551 


12.546 






97.2 


301.9 


858.6 


127.4 


120.8 


2.065 


n.959 






97.2 


18.00 


2,094 


313.6 


309.9 


3.232 


3.19S 


Feb. 9.. . 


llOe 


147.65 


18.00 


2.S16 


375.0 


374.4 


2.548 


2.544 






147.55 


25.00 


2,927 


430.3 


43S.5 


2.969 


12.963 






OB.l 


301.8 


905 


134.2 


127.8 


1.958 


1.862 






98.1 


2S.00 


2,411 


359.1 


355.5 


3.673 


3.636 


Feb. 20... 


11 


622.8 


18.00 


4.628 


674.3 


873.6 


1.297 


1.295 


Mar. 9.. . 


12 


512.9 


18.00 


4,574 


671.4 


670.6 


1.318 


1.315 






468.3 


301.1 


1,922 


280.9 


274.3 


0.879 


0.839 






4«2.2 ' IS.OO 


4^6 


630.6 


627.0 


1.371 


1.363 


May 23... 


13a 


420.9 19.00 


4,171 


612.8 


611.9 


1.463 


1.461 






416.2 , 305.7 


1,609 


235.4 


228.8 


0.828 


0.803 






416.2 , 16.00 


4,100 


602.4 


598.8 


1.454 


1.445 


May 23... 


I3b 


420. e 


18.00 


4,174 


613.2 


612.3 


1.46* 


1.462 






416.8 


303.3 


1,650 


241.4 


234.8 


0.845 


0.822 






416.8 


18.00 


4,103 


602.8 


599.2 


1.453 


1.444 


May 2S... 


13c 


420. B 


18.00 


4,183 


614.5 


613.6 


1.467 


1.485 






413.8 


306,0 


1,670.5 


244.3 


237.7 


0.869 


0.836 






413.8 


18.00 


4,099 


802.2 


598.8 


1.482 


1.463 


Uay 26... 


13.1a 


149.2 


18.00 


2,525 


370.0 


370.2 


2.581 


2.358 






13B.8 


305.0 


972.5 


142.3 


136.7 


1.479 


1.411 






138. B 18.00 


2,449 


359.7 


358.1 


2.598 


2.571 


May 27... 


13.1b 


145.2 18.00 


2,518 


370.0 


389.3 


2.364 


2.640 






138.0 304.8 


974 


142.3 


133.9 


1.488 


1.420 






13S.0 \ 18.00 


2,451 


380.1 


356.5 


2.818 


2.590 



tEiperiment 10b «u rejected, ilnce the he>tlii« « 

nenti, uid iU reiult* tbo* cooildcrable deriallon fr 

146 and GO ccm. of vapor ipace TupccllTelT In ex 

me Bir wu boiled out of the •olution after tbe 
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Section 82. — The Conductivity Data. 







Table 17,— Conductivity data on acetic acid. 






.... 


r'" 


HilJl. 


r-^. 




SKclScu 


o»! 


Bi)a]Ti]<iiI»ii4aeuiicc, 


XIO*. 


u.- 


C«r«tc4 


On. 


C,.„c,.4. 


1905 


















Jnly 14... 


1 


61.33 


17.95 


981 


449.5 


44S.9 


4.934 


4.917 


Joly 17... 


2 


109.1 


17.95 


1.04S a 


489.2 


4B8.6 


4.487 


4.481 


July IB... 


3a 


97.S 


17.95 


989.5 


462.9 


468.2 


4.751 


4.744 


Aug. 11... 


3b 


97.5 


17.95 


3,080.5 


462.0 


461.3 


4.741 


4.734 






9T.0 


217.8 


2,939.5 


439.1 


436.6 


S.370 


5.340 






97.0 


17.95 


3,059 


458.7 


457.5 


4.731 


4.719 


Aug. 13... 


3c 


97.5 


17.95 


3,077 


461.4 


460.7 


4.735 


4.728 






96.99 


317.5 


2,646 


440.7 


438.2 


5.391 


6.361 






9e.9B 


17.95 


3,065 


4S9.7 


458.4 


4.744 


4.730 


Oct 10... 


4 


209.9 


17.95 


1.453 G 


679.4 


S78.6 


3.235 


3.231 


•Mar S-- 


S.la 


143.5 


18.00 


3,837 


663.6 


562.7 


3.928 


3.921 






144.45 


304. S 


1,178.5 


172.4 


165.8 


1.712 


1.646 






144. 4S 


18.00 


3,793 


557.3 


953.7 


3.858 


3.833 


"May 7... 


5.1b 


143.5 


18.00 


3,835 


563.4 


563.5 


3.936 


3.920 






144.15 


305.1 


1,148 


167.95 


161.3 


1.673 


1.607 






144.15 


IB. 00 


3,788 


596.5 


952.9 


3.869 


3.B44 


May 8... 


5.1c 


143.9 


18.00 


3333 


563.1 


562.3 


3.924 


3.918 






m.7 


305.3 


1,122.5 


164.2 


167.6 


1.651 


1.685 






142.7 


IB. 00 


3,782 


559.6 


558.0 


3.894 


3.868 


May 13... 


6a 


438.5 


18.00 


8,490 


963.5 


953 


3.200 


8.198 






431.3 


305.1 


1.792 


262.1 


ESS. 6 


0.873 


0.891 






431.3 


18.00 


8,363 


935 


931.5 


2.163 


8.164 


May IS... 


6b 


432.S 


18.00 


6,489 


953.5 


663 


2.199 


2.198 






431.2 


300.0 


1,768 


258.6 


252.0 


0.864 


0.842 






431.2 


18.00 


8,368 


935.5 


938 


2.165 


2.156 


Hay 18... 


t6c 


432.5 


18.00 


6,464 


954 


953.6 


2.201 


2.200 






431.3 


304.9 


1,787.5 


261.5 


254.9 




0.871 






431.3 


18.00 1 0,353 


637.5 


934 


2!l69 


2.160 


May 20... 


ted 


432.5 


18.00 1 M5S 


953 


952.5 


2.199 


3.197 






430.8 


306.1 1 1,783.6 


260.9 


254.3 


0.865 


0.878 






430.8 


18.00 0,342 


936 


932.5 


2.168 


2.159 



1. of T«por apMC in 



(olution wu boUed tor ■ few nUnu 
Ic tnd td reapectiire]j>. 
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si8 Conductivity of Aqueous Solutions. — Par4 Vlt. 

Table 78. — Conducliviiy data on ammanium actlatt. 



tlfttCMHH HmOH KClHiOl i 



laos 

JnlT 80.. 
Aoff. 2.. 

Oct 18.. 



Oct 19. 
Oct. 2L. 
Oct 22. 

Oct 23.. 

Oct 24. 

Oct 26.. 

Oct 27.. 

Oct 2a. 

Oct 30. 

Oct 31. 

Not. 1. 

Not. 24.. 

Not. 3S.. 

Not. 26. 

Not. 27.. 

Nov. 28.. 



8.2 
■2.3& 
■2.3b 

2.4a 

2.4b 



7.11 
7.18 
7.18 



7.15 
7.15 
7.13 
14.24 
14.125 
14.155 
7.12 
7.036 
7.20 
7.235 



9 8,738 

6 8/t78 

5 8,439 

25,280 

5 8,420 

6 4,373 
12,875 

9 4,328 
9 4,462 

17,270 
9 4,S2» 
9 4,461 

18,909 
S 4,385 
9 4,464 

17,810 
5 4,446 

5 4,470 
17,805 

9 4,477 

6 4,473 
18,285 

9 4,476 

5 4,477 
10,319 

6 4,473 
5 4,532 

21,130 
9 4,941 
5 8,625 

33,495 
9 8,633 
5 8,993 

88,775 
5 8,999 
S 8,679 

40^865 
9 8,642 
8 4,383 

13,095 
8 4,401 
8 ^343 

12,960 
S 4,330 
4,909 

17JF70 
4,913 



1,310.9 

1^1.9 

1,263.9 

3,781 

1,262.5 

693.7 
1,985.5 

649.1 



7.11 



S79.2 
669.0 

2,929 
687.6 
660.4 

2,674 
666.7 
670.3 

2,974 
S71.3 
670. 8 

2,883 
671.2 
671.4 

2,874 
670.7 
879.6 

3,161 
681.1 

1,293.5 

^010 

1,299 

1,288.9 

5,501 

1,289.5 

1,301.5 

6,113 

1,296 
697.3 

1,098.5 
660.0 
691.3 

1,038.5 
998.4 
679.7 

2,628 
«76.8 
689.1 

2,996 
68S.7 
6S7.6 

3,219 
689.9 



1,310 
1,300.9 . 
1,264.9 . 
3,770 
1,261 

633.1 . 
1,983 

647.8 - 

668.9 . 
2,980 

677.9 - 
668.3 . 
8,986 



669.9 . 

2,671 
670.0 - 
670.3 , 

2,882 
669.9 • 
870.9 . 

2,878 
669.4 

679.0 . 
3,158 

679.8 - 
1,292.5 . 
3,007 
1,803.9 ' 
1,887.9 . 
5,498 
1,888 
1,300.9 . 
6,110 
1,804.9 - 

656.7 
1,936 

638.7 ' 

950.7 . 
1,936 

631.1 ' 

974.8 . 
8,986 

675.9 . 

684.8 . 
8,053 

684.4 
987.0 , 
3,216 

954.9 ■ 



of the tolotion b 
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Not. 3a. 

Dec. 1.. 

Dec. 3.. 

igos 
Apr. 21., 

Apr. 22.. 

Apr. as.. 

Apr. 27., 

Mar 4. 

Afar 30.. 

Jane 2. 
Jane 3.. 

Jane 23.. 
Jnne 23.. 
Jnne 25.. 

June 2S.. 
June 24.. 



Table 78. — Cottduclivity data o 

NHtCtHtOl HHtOH HClHiOl ' 
14.20 
14. M 



acttale — Continued. 



. 2.19a 
2.19b 
2.20a 
2.20b 
2.21 
2.22 



14.39 
14.19S 
14.195 
14.35 
14.28 
14.28 
14.39 
14.18 
14.18 
14.39 
14.205 
14.209 
14.409 
14.075 
14.079 
14.409 
14.275 
14.275 
14.315 
13.90 
13.90 
43.13 
41.79 
41.79 
43.13 
39.23 
39.23 
41.74 
41.74 
43.49 
40.23 
40.23 
43.52 
40.87 
40.87 



14.09 
23.04 
56.20 



14.275 
14.275 
14.275 
14.275 
14.275 
14.275 



18.00 

216.9 
18.00 
18.00 

217. 9 
18.00 
18.00 

B18.9 
18.00 
18.00 

318.8 
18.00 

18.00 
304. S 

la.oo 

18.00 
304.9 

18.00 

18.00 
304.3 
' 18.00 

18.00 



42.9 



14.02 
11.68 
11.68 
42.39 
36.02 
36.02 



132.5 
97.1 
97.1 



4S.39 

45.35 

45.35 

. 12S.9 

. 125.0 

.|l25.9 



H.O 
18.00 
18.00 

305.1 
18.00 
18.00 

30S.0 
18.00 
18.00 

305.2 
18.0( 
18.00 

304. B 

' 18.00 

; 18.00 

304.7 
18.00 

304.7 
18.00 
18.00 

304.8 

\ 18.00 

I la.oo 2 

i304.B 



S,64S 

29,889 
8,968 
8,611 

33,885 
8,611 
8,696 

37,580 
8,039 
8,728 

41,309 
8,854 

8,816 
5,818 
8,740 
8,817 
5,849 
8,791 
8,944 
8,310 
8,838 
8,940 
8,264 
8,846 
9,020 
11,175 
8,743 
8,956 
7,763 
8,893 
9,024 
10,385 
8.780 
24,150 
18,540 
23,470 
24,130 
15,989 
22,125 
16,475 
23,436 



, 18.00 
304.2 
I 18.00 



23,380 
23,180 
24.4S5 
30,790 



1,291.9 

^0«9 

1,291.5 

1^98 

9,021 

1,299.5 

1,309 

6,179 

1,298 

1,209 

691 
1,284 
1,295.5 

895.9 
1,291.9 
1,314 
1,213.5 
1,298.5 
1,313.9 
1,209 
1,299.5 
1,325 
1,634.9 
1,284.5 
1,313.5 
1,132.5 
1,304.5 
1,323.5 
1,917 
lJtB8 
3,695 
2,520 
3,591 



2,510 
3,586 
3,764 
4,338 
3,495 
3,751 
3,958 
3,943 



1,281.9 

3,869 

1,282 

1,290.9 

5.066 

1,290 

1,297 

6,618 

U94 

1,308 

6,176 

1,296.9 . 

l;2»4.6 . 



849 
1,288 
1,313.9 
1,209 
1,294.5 - 
1,312.9 
1,202 
1,296 
1.324.5 
1,628 
1,281 
1,313 
1,127 
1,301 
1,323 
1,511 
1,284.5 - 
3,694 
2,514 
3,537 
3,691 
2,429 



3,491 
3,790 
3,552 
3,939 
3,737 
4,680 



' from thia experiment wu rejected, became o[ to wide derUtiDn (rem 
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83. EQUIVALENT- CONDUCTANCE VALUES AT ROUND TEMPERATURES. 

The next step in the further reduction of the data to comparable values 
is their correction to round temperatures. Temperature-co^dents at 
18*, 218°, and 306° were obtained by plotting against the temperature 
the conductances given in the preceding tables after correcting them 
approximately to round concentrations. Thus the correction to round 
temperatures was made on the conductance alone, none being required 
on the concentration. In the case of ammonium hydroxide, the data 
obtained at 302°, before the use of diphenylamine as a heating substance 
was abandoned, permitted a more accurate calculation of the temperature- 
coefficient than could be obtained for 306° by drawing the curve through 
156°, S18°, and 306*. Yet, since the correction to round temperatures 
was seldom more than S per cent, the coefficient does not need to be 
very accurately known. 

In table 79 are given the temperature-coefficients employed, expressed 
in per cent of the equivalent conductance at the temperature in question 
for the first four substances, and in per cent of the specific conductance 
for ammonium acetate. 



Tablb n.—Temferalure-coe^cients of eonditelanee. 



NH^a 

NaOAO, 

NE.OH 

HOAO. 

NH,CAO, 

1 NH,C,H,0, + \ 

1 NH.OH or 1 HC,H,0, i 
I NHiC^,0, + 1 

3 NH,OH or 3 HO.H.O, / 



2.75 

i'.ki' 
"z.n 



In table 80 are given the conductance values for ammonium chloride. 
The first column gives the number of the experiment, corresponding to 
that in the table of Conductivity Data. The next three columns pve the 
concentration in milli-equivalents per liter of solution, calculated as 
described in section 80. The fifth column shows the ratio, in equivalents. 
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Section 8$. — Summary of Equivalent Conductances. 221 

of the ammonium hydroxide to the ammonium chlonde present, the excess 
of base having been added in the experiments carried to the higher 
temperature in order to reduce the hydrolysis nearly to zero. The next 
three columns give the equivalent conductance at 18* before and after 
heating to 218° or 306°, and that at 218' or 306°. The increase of con- 
ductance at 18° shows that a slight contamination occurred. This has 
been corrected for in the last column by diminishing the conductance at 
818' or 306' by one-half of the percentage increase at 18". This correc- 
tion is about 0.1 per cent, except in Nos. l.Sb and 1.8 where it is 0.5 per 
cent; the results of these experiments are therefore given a wei^t of 
one-half. 
In table 81 are given in a similar manner the results with sodium acetate. 



Table 80 


—Equivaltnl conduclanee 


f ammoM 


turn chloride at r 




iHilNa. 




HKtOH 
UNHlCI. 




lip loiiiii. 


irsul. 


218= 


18° InlUiJ. 


UPAn\. 


a8» 


218= 
mmatt. 


1.5a 


12.05 









121.85 








l.Sb 


18.06 









121.9 








1.1 


10.889 









122.2 








1.6 


2.252 









126.3 








3.0 


12.066 


12.10 


10.22 


0.49 


128.15 


123.2 


797. 6 


757.4 


1.4 


10.015 


10.045 


8.48 


o.eo 


122.85 


123.09 


765.4 


764.6 


1.2a 


2.396 






0.51 


126.85 








1.2b 


2.396 


2.363 


1.BB5 


0.51 


126.8 


128.15 


802.3 


708.3 


1.3a 


2.238 


2.245 


1.804 


0.84 


128.8 


126. 9 


803.3 


801.8 


1.3b 


2.238 


2.245 


1.899 

30^. 


0.94 


127.29 


127.35 


804.1 

sotf". 


B03.T 


1.10 


43.41 


43.41 


30.48 


1.00 


116.15 


116.3 


828 


827.5 










1.82 


121.65 


121.8 


929.5 


925 


1.7 


2.897 


S.901 


2.033 


2.51 


127.15 


127.8 


1.033 


1,029.5 


1.8 
1.1 


2.851 
10.87 


2.892 


1.990 


4.00 



127.36 
141.39 


138.8 


1,040.6 


1,034.5 


l.« 


2.249 






« 


146.25 









lirirl- 


H1J1I44I 


•itaauot 


Kills X 
HCdUOt 
u HiCiHiOi. 






lEPinltiil 


18°1d>I. 


306°. 


18° 


306° 


1.4 
1.3 

1.1 

1.2 


42.53 
14.13 
2.844 
2.806 


30.96 
9.92 
1.998 
1.B685 


1.07 

1.96 
2.62 


66.89 
71.3 
76.3 
76.9 


66.8 

71.1 
76.55 
77.1 


613 
702.5 
800 
803 



It will be seen that the conductances at 18° of the first four a 
chloride solutions containing no excess of ammonia are uniformly about 
0.3 per cent lower than those of the solutions containing ammonia. The 
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cause of this small difference is not known ; but it may be due to a slight 
contamination by carbon dioxide. It may also be mentioned that, when 
corrected to the same concentration, the conductance of ammonium 
chloride solution No. 2 which was made from standardized hydrochloric 
acid and ammonia, ^rees almost exactly with that of the other entirely 
independent solutions made from the stock solution of the crystallized salt. 
In tables 83 and S3 are presented in a similar manner the equivalent 
conductances of acetic acid and ammonium hydroxide corrected for the 
impurities in the water and reduced to round temperatures. Two columns 
are, however, added in which are given the ioaization-constants Kb or Ka 
for these substances calculated directly from the separate values of the 

equivalent conductance by the equation t- — _ . = Kb or K± ; for 

this furnishes the best means of showing the agreement of the results 
of the different measurements. The A, values employed are those derived 
and tabulated in section 84. In the case of the experiments with ammo- 
nium hydroxide, solutions 1, 8, 3, 6, and 12 were prepared from Baker 
and Adamson's purest aqua-ammonia, the others from liquid ammonia, 
as described in section 78. 

Table S3. — EquivaleHl condnciance and ionixation-conslant of acetic add at round 
lemperalurej. 



■iFCri- 




li<« 


tt* 


■leu c»4i<t 


■Dce 


«aX 


f 


18° laKiiil. 


1^ ■»■. 


«^ 


18° liiliil 


18° iHl. 


=^ 


ir. 


M8° 


i 

2 

3a 
1 

3b 
3c 
Mean 

SB 

6b 
tc 
od 

Mean 
s.ia 

5.1b 

s.ic 
Mean 


210.0 
109.0S 
B7.*5 
B1.3 
97. 4S 
97.45 


9»!95' 
M.9 


Bi!75' 
81.76 


3.234 
4.4S4 
4.747 
4.920 
4.737 
4.731 


1 4.733 




' 5)332 
5.340 


18.30 
18.33 
IS. 37 
18.50 
18.29 
18.25 


i!7ao' 

1.725 


433. S 
433.6 
433.5 
433.5 


433.3 
432.2 
432.3 
431. S 


306° 




' 




•18.34 

17.39 
17.39 
17.42 
17.3S 


1.723 


2.19B 
S.19B 
2.200 
2.197 


2.154 
: 2.156 
: 2.160 

2.159 


306= 

0.836 
0.843 
0.S52 
0.857 


306= 
0.13O5 
0.1325 
0.183 
0.1335 





144.45 
144.15 
142.7 


100.75" 

100.4 
99.45 






1.577 
1.563 
1.552 




>.132 


143.5 
143.5 
143. S 


3.821 
3.920 
3.918 


, 3.833 

1 3.844 

3.868 


18.41 
1S.40 
18.38 


0.156 
0.153 
0.14B 









! 


i'l«" 











m bftween 310 ■ 
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» hydroxide 





Mmi«|il.>l*Mii>trllMii. 


tv>\' 




«,xio. 1 




18° tiidit. 


l§°«iil 


218° 


18^ laiHil. 


i8"i«l. 


Mtf> 


IB" 


21B° 


sa 


103.B 






3.051 






17.13 




2b 


103. S 












3.0S0 










17.11 




2c- 


103.8 












3.051 










17.13 




2d 


ioa.2 












3.050 










17.11 




la 


9t.7 












3.100 










17.18 




lb 


99.7 












3.10B 










17.17 




3 


89.4 












3.287 














s 

Meao 
3b 


85.75 












3.352 










17.20 


























17.16 




106.6 












3.003 










17.13 




Sa 


106. S 


105.55 


89.0 


3.005 


2.997 


5.11 


17.15 


L.797 








89.55 


3.000 


2.998 


5.09 


17.09 


1.794 


Sd 


106.6 


105.35 


89. B 


3.005 


2.989 


5.07- 


17.15 


[.783 


4 


03.89 


92.7 


78.2 


3.206 


3.209 


5.46 


17.20 


1.798 


7a 


89.75 






3.281 






17.23 




7b 
Mean 


89.75 


88. 7S 


75.8 


3.278 


3.258 


5.55 


17.20 


1.807 















17.16 


1.796 


9.4 


13.615 


12.34 


10.42 


8.34 


8.64 


15.08 


17.26 


1.84 


<i 






12.16 


10.26 


8.60 


8.72 


15.31 


17.13 


1.87 


fl 


3 


12.63 


10.95 


9.25 


8.64 


9.3S 


16.38 


17.21 


1.93 


fl 


In 


10.495 






9.41 






17.02 




<i 




10.405 


9.70 


B.18 


9.43 


9.63 


16.76 


17.09 


1.79 


fl 


2 


10.155 


9.77 


8.25, 


9.58 


9.66 


17.19 


17.08 


1.00 


t 


1 


9.335 


8.06 


7. SB 


B.gs 


10.22 


18.44 


17.08 


i.OO 


Mean 















17.12 


1.89 








30*0 






306° 




306" 


11 


S20.0 






1.295 






15.44 




12 


510.1 


459. » 


319.4 


1.315 


1.363 


0.76 


15.60 


t.0935 








2SS.7 


1.462 


1.444 


O.80 


15. B4 


1.0940 


13a 


418.9 


414.3 


285.1 


1.461 


1.445 


0.79 


16.82 


(.0915 


13c 

Mean 


418.9 


411.9 


284.4 


1.46S 


1.453 


0.81 


15.91 


1.0955 






1 








1.0935 


lOb 


147.3 






2.546 






16.97 




8 


146.1 






2.558 






17.00 




9 


134.25 






2.671 






17.04 




13.1a 


144.85 


138.5 


96.2 


2.556 






18.83 


1.0895 


13.1b 


144.85 


137.85 


95.75 


2.54B 


2.590 


1.35 


16.74 


).0890 


lOa 


147.2 


133.8 


93.8 


2.547 


3.898 


1.37 


16.98 


).0895 


lOC 


147.2 


126.1 


80.85 


2.544 


2.728 


1.4S 


16.94 


1.0000 




147.2 


97.75 


68.55 


2.544 


•3.636 








lOd 
Mean 


147.2 


97.0 


61.7 


2.546 


3.196 


1.68 


16.97 


t.OSSS 














16.93 


).0895 


JS° 






1 VP 






i^ 




lOe 


147.0 






1 2.963 






17.82 




9 


134.0 






1 3.115 






17.96 




M 


San 






! 






17.89 





'Thi* ni the amdaclUKe ■ 
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A comparison of the separate values of the ionization-constaots for 
nearly the same concentrations in tables 8S and 83 shows at each tem- 
perature an entirely satisfactory agreement. Moreover, the mean of 
the first series of values for ammonium hydroxide, which were obtained 
with solutions prepared from a pure commercial aqua ammonia, will be 
seen to be identical with the mean of the second series of values, which 
with solutions prepared from a pure commercial aqua ammonia, will be 

84. FINAL VALUES OF THE EQUIVALENT CONDUCTANCE AND THEIR 
VARIATION WITH THE CONCENTRATION AND TEMPERATURE. 

Final values of the equivalent conductance at round concentrations for 
ammonium chloride and sodium acetate and for ammonium hydroxide and 
acetic acid have been derived from those given in tables 80 to 83. 

This has been done in the case of the two salts at 306' with the help 
of the function C(Aj — A) = KiCn.)' by first determining the values of 
the three constants Ag, K, and n, by substituting the values of A at the 
three widely different concentrations, and then calculating in the reverse 
way the value of A for various round concentrations. In the case of 
ammonium chloride at 18' and 218°, however, since only two widely 
different concentrations were investigated, the value of » was assumed 
to be identical with that found for the very analogous salt potassium 
chloride, namely 1,42 at 18' and 1.60 at 218'. (At 18° and 25' the 
measurements with the pure salt, without excess of ammonium hydroxide, 
were alone utilized.) The values of A and of Ag so obtained are sum- 
marized in Table 84. The values of n at 306° derived as just described 
are 1.44 for ammonium chloride and 1.49 for sodium acetate. 

In the cases of ammonium hydroxide and acetic acid values for A, 
were first obtained indirectly by the relations: 

Ag(Na«OB) = AgfNBiCl) +Ao(N,OH) — A^tNiCn 
AotHAcl =Ao(NiAe) +A,<HC|) — AgdiaCl) 

Most of the Afl-values for the substances on the right were taken from the 
various parts of this publication. In the case of sodium hydroxide, how- 
ever, no measurements exist at 306', and those at 318* are not suf- 
ficiently accurate nor extensive. A^-values for it were therefore derived 
under the assumption that it lies at such a proportional distance between 
the Ao-values for sodium chloride and hydrochloric acid at these tem- 
peratures as is indicated by its position between them at the lower 
temperatures of 18°, 100', and 166°. All these A^-values are given in 
the following table. Those for ammonium acetate which are needed in 
the subsequent calculation of the hydrolysis of this salt are also included. 
They were derived by combination of those for ammonium chloride. 
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sodium acetate, and sodium chloride. The Roman numerals within 
parentheses show the Part of this publication, and the immediately fol- 
lowing number, the table, from which the Ag values were taken. 



71f 



.. . . T8.1 (V, 36) 

NaOH i 216.5 (VI, 59) 

HOI I 379 (V, 36) 

Naa 109. Ot 

NH.OH 238.4 

HOA^ ! 348.1 

NH,C,H,Oj. I 100.0 



152.0 (VII, 84) 



841 (VII, 84) 

aw (V, 36) 

1,000 

1,265 (V, 36) 

760 (II, 9) 

1441 

1,X6S 

741 



1,176 (VII, 84) 
B24 (VII, 84) 

1.310 
1,424 (VIII, 109) 
t,oao (II, 0) 

1,406 

1,368 

1.020 



'UtMD of the ruulU prMcntcd In thii Put, Tabic 84, and in Part VI, Tabic 59, 
tVlloe of Kohlrauach. 

ICakulaled from Ibe NHiOH Talne at If bv mean* of Kobtrauach't Icmaeratiire-coeAicienti for 
tbe iona (Sitrnngiber. preuss. Akad., ISDl, 1011). 

With the help of these Ao-values for the ammonium hvdroxide and 
(CA)* 
acetic acid the ionization-constants rrr: -t— already given in tables 

C(A, — AJA, 
82 and 83 were calculated ; and from the means of these for each near- 
lying series of concentrations, the values of A at round concentrations 
were obtained by reverse calculation. The latter are summarized in 
table 84. 



Table 84. — Final values of the etiuivaUnl eonduclatice at round 
temperatures. 















S.buin». 


t4al»l«N 








M6». 


Ammonium 










828 


chloride 


10 


122.5 


141.7 


758 


025 




2 




146.5 


801 


1031 







131.1 


152.0 


841 


IIM 


Sodinm ftoe- 


30 








613 


tate 


10 
2 









703 
801 
934 


A mmnnlnm 












hydroxide 


300 


1.76S 






0.785 






3.103 


3.62 


4.821 


1.339 




SO 


3.46« 




5.381 






10 


9.6« 




IS. 56 









388.4 


370.6 


1141 


1406 


Acetic acid 


300 


3.682 






0.841 




100 


4.685 




4.834 


1.567 




SO 


5.234 




5.SS3 









348,1 




1165 
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For the sake of ccnnparisoii the values obtained by other workers in 
this laboratory are here tabulated. 







O.I Donul NHlOH. 


0.<M»nuIlfCi»O<. j 




«18°. 


H2S". 


Bis". 


■ atP. 


Nores and Cooper. 
Noyes and Kato... 




"z'.vi 
3.11 
3.10 


3.61 
3.63 


S.22 


9.34 
"s\'39 







It is of interest to consider the change with the temperature of the 
A,-values for ammonium chloride and sodium acetate, taken in combi- 
nation with the results of Noyes and Kato (table 59, Part VI) and of 
Noyes and Cooper, table 40, Part V). The values of AA/it for the 
successive temperature-intervals are given in table 85; and the ratio of 
their Ag-values to those of potassium chloride and sodium chloride at 
the same temperature are given in table 86. 

Table 8S. — Temperature-coeMcienis of the eguivaleni eonduct- 
ance at eero concentralion (AA(/At). 





18-100". 


100-1S6». 


lS6-lltP. 


21B-30«». 




3.47 
2.S3 


3. SO 
2.95 


3.43 
3.40 


3.B1 
3.00 


NaO,H,0, 78.1 



Table BO.— Ratio of J^^values to those for other substances. 


■ibiluec. 


Id". 


iiW. isfP. 


!ia°. 


JOS". 




1.01 

o.ao 

0.72 


1.00 
0.69 
0.79 


1.00 
0.72 
0.81 


l.OS 
0.80 
0.87 


1.05 
0.82 
0.86 


NaO,H,0, :Ka 

NaO,H.O, : NaOl 



It will be seen from these tables that the Ag-values for ammonium 
chloride increase with the temperature in nearly the same way as do those 
for potassium chloride, there being two points of inflexion in the con- 
ductance-temperature curve, namely, between 100° and 818°, and 218° and 
306*. For sodium acetate, on the contrary, the rate of increase with the 
temperature becomes steadily greater up to 218°. The equivalent conduct- 
ance of the acetate ion, however, steadily approaches that of the chloride 
ion (except through the interval 818°- 300° where the slight decrease in 
the ratio for sodium acetate to sodium chloride may be due to error). 
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22r 



With respect to the change of equivalent conductance with the con- 
centration, mention need only be made of the fact that the values of the 
exponent n in the function C(Ab — ■A) = X(Ca)" are about the same 
for these two salts at 306° as for tlie other salts previously investigated, 
namely, 1.44 for ammonium chloride and 1.49 for sodium acetate. In the 
cases of the base and acid the value of n is approximately 2, as the mass- 
action law requires (see section 85). 

The equivalent-conductance values for the base and acid (for example, 
at 100 milli-noimal) decrease greatly between 218° and 306° and are 
less at the latter temperature than at 18°. This arises, of course, from 
a greatly decreased ionization, which overcompensates the increased 
equivalent conductance of the ions. 



Table 87 contains the percentage ionization-values for the four sub- 
stances whose equivalent conductances were given in table 84. These 
values are simply those of tfie ratios lOOA/Ao- 



Table 87. — Percentage ionitalion. 



a>i>u»». 


•S" 


18°. 


2S>. 


!1S». 


306'. 


Ammoiitnm 
chloride 

Sodlnm 
wetBte 

hydroxide 

Aoetto aoid 


30 
10 
2 
30 
10 
2 
500 
300 
100 
80 
10 
300 
100 
SO 


90.1 
03.9 
M.5 

0.556 
0.T39 
1.302 
1.4H 
4.05 
0.771 
1.340 
1.504 


oals" 

M.4 


9o!i " 
95.3 

"o'.vst 

0.172 
1.36 

o!4i4 
0.463 


70.4 
78.7 
87.7 
66.4 
76.0 
S6.7 

o!o55S 
0.085 

0.0663 
0.184 



The ionization values for ammonium chloride and sodium acetate even 
at 306° are only slightly less than those for sodium and potassium chlo- 
rides, for which in 10 milli-normal solution the values 79.6 and 81.S per 
cent were found by Noyes and Coolidge (see table 12, Part: II). The 
ionization of both ammonium hydroxide and acetic acid is seen to have 
become very much less at the higher temperatures. The separate values 
of their ionization-constants have already been given in tables 82 and 83, 



d by Google 



3^8 



Conductivity of Aqueous Soluttotu. — Part VII. 



In table 88 are given the means of these for each group of nearly equal 
concentrations, which means correspond to the ionization values given in 
table 87. In computing these constants the concentration has been 
expressed in equivalents per liter. In the last line under each substance 
are given in black type, what are probably the best values for dilute solu- 
tions, taking into consideration the experimental errors in the more dilute 
solutions and the deviation from tlie mass-action law in the more con- 
centrated ones. 



hydroxide and act 


X 10* /«■ af« 
icacid. 






E^alrilun 


18°. 


25=. 


iiep. 


30S°. 


hydroxide 
Aoetioadd 


0.G2 

0.42 

0.30 

0.15 

0.10 

0.01 
B«Bt Yalne 

0.43 

0.30 

0.14 

0.10 
Best Value 


IS. 5 

is.e 


















O.OM 


M.9 
17.3 
17.1 
17.1 

17.4 


17.9 




1.80 
1.69 

i.ao 


0.090 






0.132 


18.4 
18.3 
1B.8 








1.72 
1.71 


0.153 
0.189 



It will be noted that at 18* the ionization constants of both substances 
are considerably less at 0.4 normal than at 0.1 normal, doubtless because 
of inaccuracy in the assumptions involved — the validity of the mass- 
action law or the proportionality between ionization and equivalent con- 
ductance. That at the higher temperatures of 318° and 306° the mass- 
action law holds, at any rate approximately, at moderate concentrations 
is shown for ammoniimi hydroxide by these results. This has previously 
been shown to be true for acetic acid at 218° by Noyes and Cooper. 
Their values of the constant (18.2 and 1.69 X lO"*) also agree well with 
mine (18.4 and 1.73 X 10^)- This is especially true when the somewhat 
different manner of correcting for the conductance of the water is con- 
sidered ; thus their value at 218' when corrected as described in section 
79 of this part becomes 1.72. 
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Section 86. — Hydrolysis of Ammonium Acetate. 229 

86. HYDROLYSIS OF AMMONIUM ACETATE AND IONIZATION OF 
WATER AT 218' AND 306'. 

In order to derive the degree of hydrolysis of ammonium acetate, the 
specific-conductance values given in table 78 have been iirst corrected 
to round temperatures by means of the temperature-coefficients given in 
table 79, and the content by weight has been reduced in the usual way to 
volume-concentration at the temperature of the measurement. These 
conductance values were previously corrected for the conductance of the 
impurities in the water; and a correction has now been ai^lied for 
that of the ionized water, or of the base or acid added, in those cases where 
the correction exceeds 0.1 per cent This correction was calculated from the 
ionization-ccmstants for these substances and the equivalent conductance 
of the ions, as described in section 79. In no case did the correction 
exceed 0.25 per cent. 

Table 89 contains the so-corrected data for the pure salt, and table 
90 those for the salt with an excess of base or acid. In the latter table 
are given for 218° and 306° in two additional columns (1) the specific 
conductance (Lg) which the pure salt has at the same concentration as 
that (C) of the salt in the mixture, and (2) the ratio of the specific con- 
ductance (l) of the salt in the mixture to this conductance ij,,. The 
specific conductance Lg is calculated from that given in table 89 for 
nearly the same concentration under the assumption of proportionality 
between conductance and concentration through the small interval 
involved. 



Table ia.—Sptci&e conductance at round temperatnret of 
purt ammonium acetate solutions. 


l-A. 


Minima 


l..I.n»p, 


IJWI. 




18°. 


21fP. 


306°. 


itP. 


JIS". 


MS". 


1.3 
1.4 
3.1 
2.15 

Mean. 
2.S 

2.10 

2.11 

Mean. 

2.e4b 

3.S4a 

2.24c 

Mean . 

2.iea 

2.19b 

Hean. 


14.57 
14.44 
14.01 
14.18 


IS.Ol 




1,311.5 
1,308 
UM 
1,281.5 


3.Vto " 
3.830 




14.30 


n.9i 




1,290 


3,800 




7.10 
7.11 
7.04S 


5.93 

6.026 
5.96 




656.0 
057.0 
651.0 


1.918-6 
1.944.6 
1,981.5 




7.085 
43.10 
43.10 
43.10 


5.B7 




654.7 


1.928 






29.32 


3,691 
3.694 




2.412 ■ 
2,394 


43.10 




B9.35 


3,693 


;;;;;; 


2.403 


14.335 
14.S35 





6.97 
10.015 


1,294.6 


812 
818 


14.335 




9.9B5 


1,294.5 




815 
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Table 90. — Specific conductance at round temperatures of ammonium acetate 
solutions containing ammonium hydroxide or acetic acid. 



rtn- 




Mllll-cqilT. 


koupcMlm. 


IpHltc 


C«<ICU>>« 


XltK. 


"'. 


Mill 


Mi (A) 


M 


Salt In 


kti 


KiKa. 


""■ 




bu.(B 


■ 




V^' 


1" 




CXW 


c,.,c,x 


Z 


LXIC 


ioXlO. 


hlh. 


218 


2.16 


ll.M 


11.88 


A 


5,057 


3,309 


1.328 




8.7 


12.015 


12.075 


B 


5.010 


3,833 


1.307 




2.17 


11.90 


23.61 


A 


5,651 


3.797 


1.488 




2.a 


11.93 


23.41 


B 


5,482 


3,803 


1.442 




2.18 


11.825 


47.38 


A 


6.173 


3,773 


1.636 




2.9 


11.875 


46.75 


B 


6.093 


3.789 


1.608 




2.12 


6.08 


5.985 


A 


2,606 


1.963 


1.328 




2.1a 


a. 00 


6.25 


B 


2,563 I 
2.562 f 


1,944 


1.318 




2.4b 


6.04 


6.25 


B 




2.13 


6.10 


12.055 


A 


2.944 


1.969 


1.495 




3.5a 


6.025 


11.78 


B 


S.875 1 
2.863/ 


IM* 


1.476 




2.Sb 


6.015 


11.78 


B 




2.14 


5.975 


24.12 


A 


3,207 


1.930 


1.662 




2.e 


6.015 


23.62 


A 


3,150 


1,942 


1.622 


308 


i.26 


2S.76 


31.91 


A 


3,430 


2,355 


1.457 




3.1 


27.53 


88.6 


A 


4.482 


8.264 


1.988 




2.2S 


28.34 


68.4 


B 


4,210 


2,320 


1.815 




a.aoa 


e.M 


10.025 


A 


1,1461 
1.150/ 


813 


1.4U 




2.20b 


9.965 


10.01 


A 




2.22 


10.01 


8.19 


B 


1.092 


SIS 


1.338 




2. SI 


9.853 


30.06 


A 


1,589 


803 


1.979 




2.23 


9. 738 


25.22 


B 


1,480 


794 


1.864 



From the data given in table 90 the hydrolysis of the salt at 218* and 
at 306* has been calculated in two different ways. 

The first of these is that used by Noyes and Kato (section 73, Part VI) 
in connection with their hydrolysis experiments at 156°, In this method, 
the following expressions for hydrolysis equilibrium and for the empirical 
relation of van't Hoff between the ionization and concentration of salts 
are combined : 

\],J ~ V 



(£)'= 



1 — /'„ 



10'L„ 



and thereby the values of h^ and h, the hydrolysis of the salt at concen- 
tration C in pure water and in the mixture respectively, are calculated. 
Aj is the equivalent conductance of completely ionized ammonium acetate; 
its values are 741 at 218° and 1020 at 306° (see section 84). 
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In the second method the ion-concentration is, as before, calculated by 
dividing the specific conductance of the solution (multiplied by 10*) by 
the equivalent conductance of the completely ionized salt; and then the 
concentration of the un-ionized salt is estimated under the assumption 
that it has the same value as in a solution of an ordinary unhydrolyzed 
salt of the same ionic type at the same ionic concentration. Then merely 
by subtracting the un-ionized fraction (u) and the ionized fraction (y) 
from unity, the hydrolyzed fraction (A) is obtained ; that is, ft ^ 1 — y — «. 
In this calculation the mean ionization of potassium and sodium chlorides 
as detennined by Noyes and Coolidge (table IS, Part II) was used as a 
basis. This calculation can give accurate hydrolysis values only when 
the hydrolyzed fraction is large and the un-ionized fraction very small ; 
but imder such conditions, which are in fact realized in the foregoing 
experiments fairly well at 318° and in much higher degree at 306*, it is 
the most direct method and a fairly reliable one. For example, suppose 
the hydrolyzed, ionized, and un-ionized parts were 80 per cent, 18 per 
cent, and 2 per cent respectively; then an error of even 3 per cent in 
the ionized, and of 36 per cent in the estimated un-ionized fraction, would 
make, if they lay in the same direction, an error of only one per cent 
in the hydrolyzed fraction.* 

Table 91 contains the results of the calculations. In the fifth and 
sixth columns are given the values of the percentage hydrolysis (lOOA) 
calculated by the first and second methods, respectively. In the seventh 
column is given a mean derived from these. Since the results by the 
second method are more accurate the greater the hydrolysis, in deriving 
this mean a weight has been assigned to them equal to the percentage 
hydrolysis, the results by the first method being always given a weight 
of 100. It is desirable to combine the results by the two methods in some 
such way as this, since any error in the conductance ratio L/Lg influences 
them in opposite directions. In the last three columns of the table are 
given the values of the percentage hydrolysis (100 ft^) of the salt in 
pure water at the same concentration C. The values in the first of these 
columns are derived by the first method simultaneously with those of 
100 A. Those in the second of these columns are calculated frcwn the 
mean value of lOOA given in the seventh column by the equation 

h 1 — — -— "^ — 7t — ■ Those in the last column are obtained directly 

by the second method from the conductance in pure water. 

"The calculations were also made by still a third method, namely, that described 
by C W. Kanolt in Section IDS, Part IX, but in this case where the hydrolysis is 
very large the results were found to be much more influenced by the experimental 
error than those calculated by the first method. They are therefore not recorded 
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Table 01. — Hydrolysis and ionigafion of ammonium acetate at siS' and 306'. 
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218 


11.91 
11.94 
11. BO 

ii.aas 












43.1 
43.1 
43.1 
43.1 






53.3 


0.995 A 
1.BS4 A 
4.007 A 


57.2 
64.1 
70.5 


35.5 
26.2 
16.5 


37.4 
89.5 
22.3 


30.0 
27.0 
17.6 


62.1 
51.6 
50.7 
51.5 


52.6 
53.4 
61.7 




M«m.. 













52.2 






12.015 
11.82 
11.875 


1.005 B 
1.B64 B 
3.937 B 


SB. 3 
S2.1 
69.3 


29.6 
21.6 
1.'S.5 


38.4 
31.8 
83.7 


32.0 
24.0 
17.1 


43.1 
43.1 
43.1 


47.5 
47.4 
49.6 


49.8 
60.5 
62.1 




306 


Uean.. 
B.97 
0.08 

e.io 

5.976 










43.6 
43.6 
43.6 
43.6 


48.1 


50.8 


53.7 




0.984 A 
1.976 A 
4.037 A 




57.8 
55.1 
72.4 


36.0 
27.1 
17.6 


38.0 


36.5 
27.8 

IB. 4 


52.4 
52.2 
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60.6 
50.0 
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52.9 
53.0 
52.9 
50.7 
52.0 
52.4 


Mean .. 
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1.038 B 
1.957 B 
3.987 B 


57.5 
84.3 

70.7 
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25.2 
16.1 


38.4 
30.9 
23.8 


32.7 
26.5 
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43.6 
43.6 
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49.7 


.■51.7 





29.35 
88.76 
27.53 




1.110 A 
3.218 A 










8.03 
8.03 
8.03 






90.9 


11.69 
15.96 


93.4 
81.2 


86.3 
81. 


00.1 
81.1 


94.S 
91.0 


92.4 

90.9 













"84T 


7.99 
7.99 
7.99 


92.9 
-91-8^ 


91.6 
91.1 


"9112' 


28.34 
10.00 
9.965 
9.855 


2.414 B 


1.006 A 
3.050 A 


14.56 


85.0 


82.8 


11.89 
15.81 


90.2 
86.0 


87.5 
82.3 


88.9 
S4.3 


92.9 
92.7 


91.9 
91.6 















~7'7b9 
7.99 


92.8 
BO.3" 
92.3 


91.7^ 
16.9 
91.5 





10.01 
9.735 


0.818 Bi 10.70 
2.S91 B 14.91 


86.7 
85.8 


88.2 
S3. 4 


87.4 
84.7 




«"»-l 1 








— '11. 


91.2 





A comparison of the values of the percentage-hydrolysis (100 A) of 
the salt in the mixture calculated by the two methods shows at 318° a 
considerable divergence, especially in the experiments where an excess 
of base was added. This was doubtless due largely to the destruction of 
some of the base during the heating. At 306° where this was determined 
and allowed for, and where the calculation by the second method is more 
accurate, the agreement is far more satisfactory (except in the first 
experiment which appears to be affected by some accidental error). 
From an examination of the values of the percentage hydrolysis (100 h^) 
of the salt in pure water it is seen that the experiments in which different 
quantities of acid were added gave very concordant results, whether 
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^33 



calculated directly by the first method or from the weighted mean value 
of the percentage hydrolysis (100 h) for the salt in the mixture. The 
mean value calculated from the latter is, however, to be considered the 
most accurate. It will be seen that this agrees well in all cases with the 
value given in the last column, which was calculated directly by the 
second method from the conductance of the salt in pure water. To get 
the best final value from each group of experiments we have combined 
these two by assigning to the former a weight of 100 and to the latter 
a weight equal to the percentage hydrolysis. Table 92 contains the 
final hydrolysis values so obtained, the ionization values for the salt, the 
ionization-constant of water calculated from them by the equation 
Kw = KAKaha'/fo'i *"'' the square root of the constant, which represents 
the concentration Ch of the hydrogen (or hydroxide) ion in pure water. 



Table 92.— I onitalion of water at zzS" and 306'. 
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1«8 


13.0 



A comparison of these values of the ionization-constant with those 
presented in Part VI by Noyes and Kato (48 at 100' and 223 at 166') 
shows that the constant is considerably greater at 218' than at the lower 
temperatures, but that it has beccmie much less at 306°. From a plot 
of the values it appears probable that the maximum lies between 250* 
and 275'. 
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87. SUMMARY. 

In this article have been presented the results of conductivity measure- 
ments with ammonium hydroxide, acetic add, and ammonium chloride 
at 18°, 218°, and 306°, and with sodium acetate at 306°. The final values 
of the equivalent conductance will be found in table 84, and of the corres- 
ponding ionization in table 87. 

The equivalent conductance of completely ionized ammonium chloride, 
which at 18° is neariy equal to that of potassium chloride, becomes % per 
cent greater at 218° and 5 per cent greater at 306° ; and that of sodium 
acetate, which at 18° is only 71 per cent of that of sodium chloride, 
becomes 86 per cent of it at 218° and 306°. The ionization of the two 
salts is at all temperatures only a little less than that of sodium and potas- 
sium chlorides ; thus at 306° the differences are about 2 per cent and 4 
per cent, respectively. The hydrolysis of these salts was not measured, 
but was reduced substantially to zero by the addition of an excess of 
the weak base or acid. Its value can, however, be calculated from the 
ionization-constants of water, ammonium hydroxide, and acetic acid deter- 
mined in this research* ; and it is of interest to note that in 0.01 normal 
solution both salts at 218° are 1.56 per cent hydrolyzed, and that at 806* 
ammonium chloride is 4,1 and sodiimi acetate 3.4 per cent hydrolyzed, 
while at 18° the hydrolysis is only 0.02 per cent. 

The ionization of the slightly ionized substances, acetic acid and ammo- 
nium hydroxide, decreases with great rapidity as the higher temperatures 
are reached; thus the ionization-constants (X 10*), as determined from 
the measurements at 218° and 306° presented in this article and from the 
eariier ones at 18°, 100°, 156°, and 218° by Noyes and Cooper, and Noyes 
and Kato, are as follows : 



Acetic Acid. 


Ammoniuin Hj 


18.3 


17.2 


11.1 


13. B 


5.42 


Q.2S 


1.72 


1.80 


0.139 


0.093 



n acetate for example, by the substan- 
tially exact mass-action relation ,''" '" = ^*> wherein C represents the concentra- 

tl— Ajy r^S 

tion of the salt, k the hydrolyzed fraction of it, Y the ionized fraction of the quantity 
of it unhydrolyzed (C — Ch), 7b the ionized fraction of the total quantity of free 
base {Ch), K^ the ioniiat ion-constant for the acid, and Ky, that for water. For the 
ionized fractions 7 and 7^ in the mixture may be taken the value for the pure salt 
and that for the pure base, respectively, when present alone at the concentration C, 
the principle being here applied that in a mixture of largely ionized substances the 
ionization of each is the same as if it were present alone at a concentration equal to 
the sum of the concentrations. 
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In this article have also been presented determinations of the degree 
of hydrolysis of ammonium acetate at 318° and 306°. This has been 
derived from measurements of the change in conductance produced when 
to the solution of the neutral salt acetic acid or ammonium hydroxide is 
added. In 0.01 normal solution the pure salt was found to be 53 per 
cent hydrolyzed at 218° and 91 per cent at 306°, while it can be shown 
by calculation to be only 0.35 per cent hydrolyzed at 18° ; thus showing 
the enormous effect of temperature in increasing the hydrolysis of salts. 

From the hydrolysis and ionization of the ammonium acetate &nd from 
the ionization-constants of the acid and base the ionization of water itself 
at 318° and 306° has been calculated. The final results together with 
those obtained at lower temperatures by the previous workers in this 
laboratory, are as follows. The values show the equivalents of hydn^n- 
ion or hydroxide-ton present in ten million liters of pure water. 
100° 156° 218' 306* 

6.9 14.9 21.6 13.0 

The considerable increase between 100° and 218° and the decrease 
between 218° and 306°, indicating a maximum between these temperatures, 
will be noted. 
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Part VIII. 

The Conductivity and Ionization of Hydrochloric, 

Nitric, and Sulphuric Acids up to 306", and 

of Phosphoric Acid and Barium 

Hydroxide up to ISff. 

By Arthur A. Noybs and Guy W. Eastman. 
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Part VIII. 

THE CONDUaiVITY AND IONIZATION OF HYDROCHLORIC, NITRIC. 

AND SULPHURIC ACIDS UP TO 306°, AND OF PHOSPHORIC 

ACID AND BARIUM HYDROXIDE UP TO 156°. 

86. OUTIJNE OF THE INVESTIGATION. 

In this article, after a brief description of experimental details, are given 
the results of conductivity measurements with aqueous solutions of sul- 
phuric, phosphoric, and nitric acids, and barium hydroxide at various 
concentrations at temperatures up to 166°, The measurements were for 
the most part made at 18°, 25°, 50°, 75°, 100°, 128*, and 150°, and at the 
concentrations 100, 50, 12.5, 2, and 0.5 milli-normal. Conductivity meas- 
urements with nitric and sulphuric adds at the still higher temperatures of 
218° and 306°, and with hydrochloric acid at 260° and 306° were also 
made, and these are included with the others. Some results with sul- 
phuric acid extending up to 318° which were obtained somewhat earlier 
in this laboratory by Mr. Yogoro Kato are also here presented in con- 
junction with our own. 

Finally, the results are all discussed with reference to the ionization 
of the various substances and the equivalent conductance of their ions at 
different temperatures. 

89. DESCRIPTION OF THE APPARATUS AND METHOD. 

CONDUCTIVITY-VESSEL. 

The conductivity bcrnib (No. 1) employed in most of this work, was the 
first one made in this laboratory as described in Part II of this series. It 
had been used just previously by Mr. Yogoro Kato for the investigation 
described in Part VI and for his measurements with sulphuric acid pre- 
sented below. It then contained an open cylindrical platinum-iridium 
electrode arranged as shown in figure 13, Part III ; and in that form will 
be designated Cell i below. For our experiments this electrode was 
replaced by a flat platinum-iridium electrode placed at the bottom of a 
quartz cup, 1.45 cm. in height and 1.40 cm. in diameter. The vessel in this 
form will be called Cell ii. For some of our later measurements another 
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tx»nb (No. 3) with a similar electrode was used, the quartz cup in which 
was 1.40 cm. in height and 1.37 on. in diameter. This will be called 
Cell III. 

CONDUCTIVITY HEASUSING APPABATUS AND INDUCTOR. 

A slide-wire bridge of the roller type, described by Kohlrausch and 
Holborn, and made by Hartmann and Braun, was used to measure the 
conductance. The coils were of manganine and of 1, 10, 100, 1,000, and 
10,000 ohms resistance. Each coil was compared directly in the Insti- 
tute's testing laboratory with manganine standards having the Reichs- 
anstalt seal and certificate. The slide-wire was calibrated twice by the 
method of Strouhal and Barus. The corrections both to the coils and slide 
wire agreed within the experimental error with the results of Kate 
obtained a few months earlier. 

An ordinary interrupter was used. The minimum sound in the tele- 
phone was very good except for the most dilute and most concentrated 
solutions, and fairly good for them. 



For the work up to and including 166°, a liquid bath of pseudocumene, 
heated electrically by an inside and outside coil, and well stirred, was 
used. Cooling was effected by running tap water through a copper coil 
immersed in the bath. The temperature was regulated by the observer, by 
varying the current through the coils. It could be held at a desired tem- 
perature within the negligible variations of 0.02° at 18° and 0.1° at 156°, 

For the temperatures of 218°, 860', and 306" vapor baths of boiling 
naphthalene, isoamyl benzoate, and benzophenone, respectively, were used, 

THEBMOMETESS. 

Up to and including 100°, mercury thermometers graduated in tenths 
of a degree were used. Since stem exposure could not always be avoided, 
they were calibrated in position as used by comparison with a standard 
Baudin thermometer, having a Bureau of Standards' certificate. The ice 
and steam readings remained substantially constant throughout the work. 
The error in the bath temperature could hardly have exceeded 0.0?° at 
the 18°, 25°, 50°, and 100° points, but at 75°, owing to the necessity for 
applying a large stem-exposure correction to the standard Baudin, the 
error may have been as much as 0.05°. The temperatures above 100' 
were probably determined with an accuracy of 0.8' - 0.3'. At these tem- 
peratures a 360° Alvergniat thermometer, graduated in degrees, was used. 
The ice, steam, naphthalene, and benzophenone points were directly deter- 
mined. Intermediate corrections were computed for 128° and 156° from 
the bore calibration, allowing for deviations of the mercury from the 
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gas scale, as given by Crafts.* The correction at 260' was determined 
by comparison with a platinum resistance thermometer which had been 
standardized in this laboratory by Mr. R. D. Mailey. The values used 
for the boiling points of naphthalene and benzophenone were those of 
Jacquerod and Wassmer;f namely, at a pressure of 76 cm. mercury, 
317.7' for the former substance and 30B.44' for the latter. 

METHOD OF FROCEDUBE. 

No important change in the method of procedure as described in Part 
IV was made. The contents of the bomb were always well shaken within 
the bath by rotating the bomb several times before and between the 
readings. Constant uniform temperature was thus quickly obtained, and 
any contamination in the quartz cup distributed through the whole solu- 
tion. In the measurements up to 166° the bomb was filled from a pipette 
with such a quantity of solution that the vapor space at 166° was about 
7 com. In those extended to still higher temperatures such a quantity 
of solution was always placed in the bomb as sufficed to fill it within 2 or 
3 ccm. at the highest temperature of the experiment in question. The 
solutions were always placed in the bomb the day they were made up 
from the stock solution. 

Only after the temperature of the bath had remained constant for at 
least 15 minutes were final brit^^readings taken; then at five minute 
intervals, double settings (reversing the commutator) were made with 
each of three different resistances in the box. Before introducing the 
most dilute solution of any substance, the bomb was first soaked out by 
heating with conductivity water or the solution itself to 218' or 306°, 
The solutions successively introduced into the bomb were then always of 
increasing conductance. Washing with alcohol and ether was avoided 
as far as possible, as their use seemed to be always followed by greater 
differences than usual between the initial and final 18° conductances. 

9a PR£PARAT1C»4 OF THE SUBSTANCES AND SOLUTIONS. 

The potassium chloride used for determining the conductance-capacity 
of the bomb was made from J. T. Baker's "Analyzed C. P." salt, said 
to contain only "traces" of magnesium and of sodium chlorides. This 
was precipitated from solution with hydrochloric acid and then showed 
no flame test for sodium. This precipitated salt was washed with hydro- 

*Ain. Chem. J., 5, 307-338 (18B3-S4). A check on these corrections was obtained 
by comparing the correction at 218' computed from the bore calibration and the 
steam and benzophenone determination<i, with the actually observed correction in 
the naphthalene bath. The results ajfreed within 0.1°, A further check was 
obtained some months later by comparison with a certified German thermometer 
divided in tenths, between 100° and 200°, the greatest discrepancy being 0.2°. 

tJ. chim. phys., 2, 72 (1904). 
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chloric acid, dried, dissolved in boiling water, and crystallized at 6°. 
The crystals were washed and dried. A second sample was obtained by 
adding hydrochloric acid to the mother liquor from these crystals. No 
difference was noticed in the conductances of these two lots. In makii^ 
standard solutions this substance was freshly ignited almost to the fusing 
point, weighed out, and dissolved in a graduated fiask. 

Sodium chloride was also used for determining the conductance-capac- 
ity. This was purified by twice precipitating Kahlbaum's "chemically 
pure" product with hydrochloric acid. The final precipitate was dried 
and gently ignited. 

The stock sulphuric acid solution used for all the measurements was a 
fifth-normal one prepared by Mr, Y. Kato on August 10, 1905, by dilut- 
ing with conductivity water a sample of the "strictly chemically pure 
sulphuric acid" furnished by Baker and Adamson. The concentrated 
acid (usually 10 ccm. portions) was tested by him for arsenic with hydro- 
gen sulphide, for nitric acid with diphenylamine, for nitrous acid with 
starch and potassium iodide, for hydrochloric acid with silver nitrate, for 
selenium with ferrous sulphate, and for ammonia with Nessler solution. 
None of these impurities was present in appreciable quantity, if at alL 
The concentration of the solution was determined on August 11-15, 1905, 
both by precipitating and weighing the acid as BaSO, and by titration 
with phenolphthalein against a hydrochloric acid solution previously 
standardized by weighing the AgQ yielded by it. The sulphuric acid 
was restandardized on December 9, 1905, against an ignited sample of 
sodium carbonate furnished with an analysis showing substantial purity 
by J. T. Baker.* To the solution of a known weight of the carbonate, 
a slight excess of the stock sulphuric acid was added, the solution boiled 
for ten minutes and then titrated with 0.01 normal potassium hydroxide 
with the help of phenolphthalein as an indicator. 

We are indebted to Mr. G. A. Abbott for the preparation and analysis 
of the stock solution of phosphoric acid which was used in this part of the 
investigation. This sample of acid was prepared by Mr. Abbott by direct 
oxidation of yellow phosphorus. The method is summarized as follows : 
Carefully selected clean pieces were heated in a retort with nitric acid 
(sp. gr. 1.20). After the phosphorus had disappeared the contents of 
the retort were evaporated in small portions with addition of enough nitric 
acid to insure complete oxidation of any phosphorous acid until the white 

*The BaSO. determinations gave for the concentration, expressed in millimols 
H^O. in a kilograni of solution, 110.54, 110.31, and 110.S2, from which by correcting 
the weighings to vacuo, the value 11043 results. The atomic weights used were 
O = W.OO, Ba = 137.4, S -= 32.06, and H = 1.01. By the titration gainst the hydro- 
chloric acid the value 110.70 was obtained; and from that against sodium carbonate 
110,71 resulted. The mean llO.ei was adopted. 
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fumes of metaphosphoric acid appeared. The cooled residue was taken 
up in conductivity water and saturated with hydrogen sulphide, in order 
to precipitate possible traces of arsenic or platinum. The metaphosphoric 
add solution thus obtained was converted to the ortho acid by boiling in a 
platinum dish for three hours. That the conversion in this solution was 
c(Hnplete was shown by the fact that the conductance of the diluter solu- 
tions prepared from it was not changed by heating to 156°. 

The solution received January 17, 1906, from Mr. Abbott was part 
of a stock solution which he had analyzed gravimetrically by precipita- 
ting the phosphoric acid with magnesium ammonium chloride and weigh- 
ing as magnesium pyrophosphate. The five analyses made by him gave 
as a mean value 20.0866 grams of HiPOi per kilogram of solution. 
Assuming 1 mol H,POt ^ 98.03 grams, the concentration of this solu- 
tion becomes 0.SO49 mols per kilogram of solution. 

The nitric acid solution was made by diluting a portion of "C. P. 
nitric acid," of specific gravity 1.42, taken from a newly opened carboy, 
with half as much water, bubbling through it for one day a current of 
carefully purified air, so as to remove nitrous acid, and finally diluting 
with enough conductivity water to give a very nearly 0,1 normal solution. 
The stronger solution was tested for nitrous,* sulphuric and hydrochloric 
acids, for ammonium salts (with Nessler reagent), and for non-volatile 
residue. None of these impurities were present in quantity as large as 0.01 
per cent of the nitric acid present. The acid was standardized by compari- 
son with the sulphuric acid solution just described through a 0.1 normal 
sodium hydroxide solution, and also directly against sodium carbonate. 
Its concentration was thus found to be 99.70 and 99.87 (mean 99.78) 
milli-equivalents per kilogram of solution. 

The barium hydroxide used for preparing the stock solution of this 
substance was purified by twice crystallizing from hot water in procelain 
vessels a "chemically pure" preparation of Merck's. The crystals so 
obtained were dissolved in hot conductivity water, the solution filtered 
immediately out of contact with ordinary air, the filtrate allowed to run 
into about three liters of water of specific conductance 0.6 X 10* con- 
tained in a "Non-Sol" bottle (furnished by Whitall, Tatum & Co.). 
After standing for 24 hours, this solution, from which crystals separated 
on cooling, was forced over into a second "Non-Sol" bottle containing 
enough more conductivity water to dilute it to about 0.2 normal. The 
final solution was perfectly clear and remained so. 

*The test for nitrous acid was made hy adding to 1 c.cm. of the stronger solution 
100 c.cm. water, 10 c.cm. of an acetic acid solution of sulphanilic add, and 10 ccm. 
of a solution of naphthylamine acetate, and allowing the mixture to stand. For com- 
parison a minute quantity of nitrite was added in a duplicate test The result 
showed that, while one part of nitrous acid in a million could be detected, less than 
this was present in the strong nitric acid. 
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This solution was tested for chloride, and the original substance was 
tested for nitrate,* with negative results. That it contained no import- 
ant quantity of non-volatile impurities was shown by precipitating the 
barium by running the solution into an excess of the stock sulphuric 
solution, allowing it to stand, filtering, and evaporating the filtrate first 
in a porcelain beaker and finally in a weighed platinum dish. The residue 
so obtained from 100 c.cm. of the cold-saturated barium hydroxide solu- 
tion weighed 5.6 milligrams, of which only one milligram was shown to 
be silica by treatment with hydrofluoric acid. Some of the remainder 
was doubtless unprecipitated barium sulphate; but even if the whole of 
it had been an impurity in the barium hydroxide, it would not amount to 
more than 0.1 per cent. 

A more conclusive test of purity of both the barium hydroxide and 
sulphuric acid was obtained as follows : 118.77 grams of the stock barium 
hydroxide solution were run into 113.38 grams of the stock sulphuric 
acid solution, previously heated to boiling. This should have left, 
according to computation, a slight excess of acid in the clear filtrate. 
The specific conductance of this filtrate was measured, and it was com- 
puted therefrom that assuming only sulphuric acid to be present an excess 
of 0.39 grams of its solution must have been added. Titration with 
0.01 normal sodium hydroxide showed almost exactly the same quantity 
(0.43 grams), indicating that not enough impurity was present to affect 
appreciably the measured conductance. 

This last experiment evidently gives also a means of comparing the 
stock solution of barium hydroxide wifh that of sulphuric acid, and 
thus tying together the whole series of values. The concentration of the 
barium hydroxide, so computed, is 0.17 per cent less than the adopted 
value, a difference not greater than the discrepancies in the analyses by 
independent methods of the same solution. 

The concentration of the stock solution of barium hydroxide was found 
on March 20, 1906, by means of three titrations against the stock nitric 
acid, using phenolphthalein as indicator, to be 210.83 milli-equivalenb per 
kilogram of solution. 

The stock solution of hydrochloric acid was made by bubbling the 
gas produced by the action of pure sulphuric acid on pure sodium chlo- 
ride through a little water and then absorbing it in conductivity water. 
It was standardized against the barium hydroxide solution and found to 
contain 114.42 mtllimols HCI per kilc^ram of solution. Its conductance 
at 18" agreed closely with the values obtained by Goodwin and Haskellf 

*In making this test, about 1 ^am was dissolved in acetic acid, and a drop of indigo 
solution and several cubic centimeters of sulphuric acid (l.S* sp. gr.) were added. 
The blue color remained, whereas when one drop of a 0.1 notmal nitric acid was 
added, the solution was decolorized at once. 

fProc. Am. Acad., 40, 413 (1904). Phys. Rev.. 19, 386 (I«M>. 
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91. DISCUSSION OF EIRRORS AND CORRECTIONS. 

The errors inherent in the use of the conductivity bomb and the correc- 
tions for them are fully discussed in section 10, Part II. A few additional 
words in regard to the relation of them to the present work will suffice. 

In the earlier experiments with sulphuric acid made by Mr. Y<^ro 
Kato the bomb was always charged so as to have only from 1 to 2 
ccm. vapor-space at 218* and no correction for this was applied at any 
temperature. The air pressure in the bomb was in all cases reduced to 
3 or 4 cm. before the first measurement at 18°. The bomb was usually 
removed and shaken by hand at each temperature before the measurement 
was made, as the rotating carriage had not at that time been introduced. 
At 218° with the 0.0006 normal solution a considerable increase of con- 
ductance always took place within one or two minutes after the current was 
passed, but after this time no further change took place even in 15 
minutes. The constant values resulting after the passage of the current 
for 2 minutes or so are those given below in the table. This increase is 
perhaps due to the throwii^ out of adsorbed substance from the elec- 
trodes. With the 0.002 normal solution the effect was less regular and 
far less pronounced. 

In our own experiments, the air was removed from the bomb only in 
those extending to 218° or above, since its pressure at the lower tempera- 
tures could not have a considerable effect 

The correction for solvent in the vapor space was neglected below 
218°, as computation showed that under the prevailing conditions the cor- 
rection was less than 0.02 per cent even at 156°, where the vapor space 
measured about 7 ccm.; nor was this correction applied at 306°, since 
the vapor space amounted to only 2 to 3 ccm. and since the specific volume 
data used are affected by a corresponding error, which at any rate par- 
tially eliminates the effect of the vaporization of the solvent on the values 
of the equivalent conductance, as mentioned in section 10, Part II. At 
218° whenever the vapor-space exceeded 2 to 3 ccm. this correction was 
made as there described. In the case of hydrochloric acid at 260° the 
correction for vaporization of the solvent was combined with that for the 
solute and was computed upon the basis of a direct experiment, which 
will be now described. 

An estimate of the extent to which the solute volatilized was obtained 
in the cases of nitric acid at 218° and of hydrochloric acid at 260° by 
comparative experiments in which the bomb was charged with very dif- 
ferent quantities of solution so that the vapor-space varied considerably ; 
the difference in conductance was thus found in the case of nitric acid 
at 218' to correspond to that which would have resulted from the vola- 
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tilization of the solvent alone. In the case of hydrochloric acid at 260°, 
the observed change in conductance was only about three-fourths of that 
which would have resulted from the volatilization of the solvent alone, 
a fact which indicated some volatilization of the sdute.* This was 
allowed for in all the experiments with hydrochloric acid at 260° by 
diminishing the calculated correction for solvent-vaporization by one- 
fourth. 

No correction for conductance of the water was applied, except in the 
case of the neutral salts used in determining the conductance-capacity. 
Unusually good water was used for the very dilute solutions, the measured 
specific conductance just before mixing being almost always below 0.6 X 
10-*, and in some cases as low as 0.3 X lO"'. 

The final values of the conductance were corrected for contamination 
wherever the difference between the initial and final 18° values exceeded 
0,86 per cent, by the arbitrary rule that the conductance at the highest 
temperature of the experiment be increased by two-thirds of the percen- 
tage change observed at 18°, and at the next lower temperature by one- 
fourth of that percentage change. No such correction was applied to the 
results with hydrochloric acid, since there seemed to be no variation at 
the higher temperatures corresponding to that at 18°. 

The expansion of all the solutions on heating was assumed to be the 
same as that of pure water and the change in concentration was calcu- 
lated by dividing the concentration at 4° by the specific volume of pure 
water at the temperature in question-f 



"The data upon which this concUisii 



s based a 



s follows: 



..... 


SS?."^: 


•al^M In 
Iwb. 


T«Mr>- 


'■S5:" 


„.■>. 




100 

100 






M 
i 


tSM 
6.1S8 

Wjrm 


HNO^...~~ 



The concentrations were only approximately those given in the table. The specific 
volume of the saturated vapor was taken as B5 at 21B° and 39 at Z6D° upon the basis 
of tile estimates referred to in section 34, Part IV. 

tFor the specific volume the following values were used: 

1B° 1.0014 100° 1.0431 260° 1.877 

25° 1.0029 128° 1.0885 306° 1.433 

50° 1.0119 136° 1.0980 

75° 1.0257 218° 1.1862 

The values at 128° and 136° are derived by graphic interpolation from Him's 
values [Ann. chim. phys. (4), 10, 32 (1867)] after correcting them to the pressures 
of saturated vapor by means of the compression-coefllicient of water, obtained by 
extrapolating from the data of Pagliani & Vincentint given in the Landolt-Bomstein- 
Meyerhoffer Tsbellen. The values at 218° and 306° are those experimentally deter- 
mind by Noyes & Coolidgc; that at 260° was obtained by graphic interpolation. 
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92. CONDUCTANCE-CAPACITY OF THE BOMB. 

The conductance-capacity of the bomb at 18° (i. e. the factor by which 
the observed conductance must be multiplied to give the specific conduct- 
ance) was determined with known solutions of sodium and potassium 
chlorides. The values adopted for the equivalent conductances of these 
salts are those given by Kohlrausch.* 

Table 93 gives the actual conductances in the bomb of the various solu- 
tions, diminished by the conductance of the water, as determined from a 
measurement made just before mixing. Separate fresh solutions were 
used in each case. The conductances are given in reciprocal ohms, the 
concentrations in milli-equivalents per liter of solution. 



Table •iZ.—Coninctonce-capanVi.—Dala and Anal values. 


^. 


r 


Wl. 


ti^u"ifi. 


H«VlO«. 


CSB^nCIU 


tt-cntcHi. 


k»UI» 


null nlio. 


1905 
Anr. 17 
Aog. 17 


:::IM 


KCI.. 
NaOl. 


10.00 
10.00 


•8,195 
•6,829 


0.14930 
0.14929 


j 0.14934 


Aug. 29 
Aug. 29 


::-i'l 


KCI.. 
NaCl. 


10.00 
10.00 


•3,201 
6,834 


0.14928 
0.14913 


j 0.14923 


Nov. 20 
Nov. 21 
Nov. 23 
Nov. 28 


".'. " 


KCI.. 
KCI.. 
KCI.. 
NaCl. 


19.963 
9.9B2 
99.87 
99.33 


1,968.4 
1,003.1 
9,184 
7,539 


1.2164 
1.2183 
1.2183 
1.2192 


1.2181 


i9oa 
Feb. 3 
Mar. 7 
Mar. e 


'.'.'. II 


KCI.. 
NaCl. 
NaCl. 


99. B8 
10.006 

19.936 


9.19B 

338.1 
1,634.8 


1.2186 
1.2172 
1.2180 


1.2179 


Mar. 24 
Mar. S6 
Apr. 3 
Apr. 9 


;;; [ii 


NaCl. 
NaCl. 
NaCl. 
KCI.. 


49.91 
100.00 
100.03 

10.002 


3,916.0 
7.545 
7.558 
1,004.6 


1.2197 
1.2197 
1.2189 
1.2190 


1.2193 


July 10 
July 24 
July 31 


;:; m 


NaCl. 
KCI.. 
KCI.. 


100.00 
50.01 
20.01S 


6.830 

4.294.5 

1.777.8 


1.3461 
1.3485 
1.3506 


1.3484 


Sept 17 
Sept 23 


■■■ III 


KCI.. 
KCI.. 


19.953 
10.002 


1,774.2 
90S. a 


1.3495 
1.3477 


1.3486 



*Hetn of two alnioM completely cancotduii expcrimenti. 

The results dated August, 1905, are those of Mr. Kato. The first of 
his final values was used in connection with his conductance data obtained 
up to August 26 inclusive. The second mean value was used with all 
his later data — those obtained from August 31 to September 16. 

In computing the conductance from our measurements made prior to 
March SO, 1906, the value (1.2181) for the conductance-capacity obtained 

'Konigl. prcuss. Akad., 1900, 2, 1002-1008. 
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frcwn the lirst four detenninations nude in November, 1905, was used. 
This will be seen to be substantially identical with that obtained in Feb- 
ruary and March, 1906, In connection with the data on barium hydroxide 
(obtained between March 28 and April 4, 1906) the slightly hi^r value 
(1.2193) was used, which was derived from the four determinations 
made during the work on this substance. In connection with the data 
obtained after July 10, 1906, for which another bomb was used, the last 
value of the conductance-capacity given in the table was used. 

The variation of the conductance-capacity with the temperature was 
computed, as described in section 36, Part IV, from the dimensions of 
the quartz ciip used.* 

93. THE CONDUCTIVITY DATA. 

Tables 94 to 100 contain the conductivity data for all the solutions. The 
measurements dated August and September, 1906, were made by Mr. 
Y. Kato, while all the later ones are our own. 

The first column gives the date; the second, the concentration at 4° 
in milli-equivalents per literf referred to the equivalent weight of oxygen 
taken as 8.00 and the weights being reduced to vacuo ; the third, the tem- 
perature of the measurement expressed on the hydrogen-gas scale; the 
fourth, the concentration at that temperature calculated as described in 
section 91 ; the fifth, the measured conductance in reciprocal ohms, cor- 
rections having been applied for the errors in the slide-wire, resistance- 
coils, and leads, but not for the impurities in the water; the sixth, the 
equivalent (or molal) conductance calculated from the conductance given 
in the fifth column, the concentration given in the fourth column, and the 
value of the conductance-capacity appropriate at that date, as given in 
section 92, the last being corrected to the temperature of the measurement 

rrhis had Ml effective inside height of 1.4S cm. in Cell 11 and of 1.40 cm. iD Cel! 
m and an inside diameter of 1.40 cm. in Cell 11 and of 1.37 cm. in Cell iil The 
percentage corrections applied to the 18* value of the conductance-capacity were 
the same for the two cells and at the different temperatures were as follows: 

so* TS° 100" 128" IS6» 2\ff WP 30^ 

— 0.06 —0.11 —0.10 -0.21 — OJSr —0.41 -0.5! —0.63 
tExcept in the cases of phosphoric acid and potassium hydrogen sulphate, where 
the concentration is expressed in mtlli-formula-weights per liter at 4*. 
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Table 94. — Conductivity data for sulphuric acid up to 3i8'. 
[Retdlti of Y. Kxo.) 



D«. 


c 


T««<nio.c 


c„„„„. 


C.d4.«.<.« 


EnaiTilcnt 




.loniK". 


i°. 


ll.BUl°. 


X10«. 




1905 












Aug. 23 


11.748 


18.00 


11.733 


23,660 


301.2 






155.9 


10.707 


34,460 


479.9 






217.4 


9.913 


35,790 


537.9 






18.00 


11.733 


23,920 


304.5 


Au«. 24 


11.782 


18.00 


11.747 


23.810 


302.8 






09.83 


11.279 


33,040 


437.1 






155.9 


10.720 


3130 


477.2 






217.5 


9.924 




533.9 






18.00 


11.747 


24,020 


303.4 


Sept 14 


11.643 


18.00 


11.627 


23.720 


304.5 






100.20 


11.181 


32.970 


440.3 






157.6 


10.592 


34,150 


480.3 






217.8 


9.813 


35,220 


533.9 






18.00 


11.627 


23,720 


304.5 


Sept IS 


11.945 


18.00 


11.927 


24.140 


301.9 






100.30 


11.447 


33,730 


439.2 






157.9 


10.865 


35.080 


430.7 






218.0 


10.070 


36,140 


534.1 






158. 4 


10.860 


35,220 


483.1 






100.30 


11.447 


33,750 


439.6 






18.00 


11.927 


24,230 


303.1 


Sept 1« 


11.945 


18.00 


11.927 


24,240 


303.8 






100.20 


11.447 


33,780 


440.6 






18.00 


11.827 


24,240 


303.8 


SepL IS 


11.901 


18.00 




24,180 


803.6 






100.11 


11.408 


33,650 


439.6 






1B8.0 


10.830 


34,940 


480.6 






217.6 


10.039 


36,140 


635.7 






18.00 


11.686 


24,180 


303.5 


Sept 9 


2.050 


18.00 


2.047 


4,864 


354.5 






217.8 


1,7287 


6,569 


565.6 






18.00 


2.047 


4,866 


354.6 


SepL 10 


S.050 


18.00 


2.047 


4,884 


354.5 






217.8 


1.7287 


6,542 


563.3 






18.00 


2.047 


4,866 


354.6 


Sept 11 


0.5052 


18.00 


0.5046 


1,265.4 


374.1 






100. oe 


0.4844 


2,317 


713.0 






1S6.4 


0.1800 


2.022 


654.6 






217.5 


0.4262 


1,683.3 


587. 8 






18.00 


0.5046 


1,265.4 


374.1 


Sept 12 


0.5870 


18.00 


0.5683 


1.409.4 


371.5 






B9.80 


0.5436 


2,552 


699.0 






156.3 


0.5165 


2,222 


640. 7 






S17.4 


0.4785 


1.877.6 


584.0 






156.5 


0.5165 


2,228 


642.4 






99.81 


0.5436 


2,560 


703.0 






18.00 


0.5663 


1,409.9 


371.6 


Sept 13 


0.5238 


18.00 


0,5232 


1,307.5 


372.0 






99.82 


0.S022 


2,392 


709.9 






156.B 


0.4772 


2,086 


651.1 






217.1 


0.4419 


1,749.2 


589.0 






18.00 


0.5232 


1.309.8 


373.6 


Anc 25 


1.9024 


156.8 


1.8149 


6,590 


541.4 






317.5 


1.6809 


6,337 


561.7 
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Table M. — Conductwily data for sulphuric acid up to iiH' — Continued. 
[Rtnlt* of Y. KalD.) 





CHcnln- 




C«„,B^ 




■4>lt>l«l 




||HI|4°. 


u<°. 


il«ut°. 


X10<. 




190S 












Aug. M 


2.032 


IM.S 


1.8200 


fl,T&8 


543.0 






217.3 


1.7148 


a.535 


567.7 


Aug. 31 


2.047 


18.00 


2.044 




352.9 






W.82 




7,545 


573.0 


Sept 1 


2.107 


18.00 


2.104 


4.992 


353.9 






100. U 


2.020 


7,751 


672.1 






lU.O 


1.91B5 




539.6 






217.6 


1.7778 


6,710 


561.9 






18.00 


2.104 


S,009 


3SS.1 


Sept 6 


8.091 


18.00 


2.089 


4.B65 


354.6 






217.2 


1.7642 


6,667 


662.6 






156.0 


1.90S1 




541.0 








2.089 




354.3 


Sept 7 


2.075 


18.00 


2-072 


4,868 


350.8 






».95 


1.9894 




573.3 






1S«.2 


1.8902 


6.904 


544.0 






217.7 


1.74W 


6,766 


575.5 






156.4 


1.8*02 




545. 2 






100.05 


1.9S91 


7.875 


575.2 






le.oo 


2.072 


4,926 


354.7 



Table K.— Additional condncth-ity data for 

[RenittB of NoTu A Eutman.) 







T...W<nt.t. 










M*". 


1°. 


■1*°. 


XlOt. 




1905 












Dec 14. 


99.98 


18.00 


99.84 


IS^ISO 


833.6 






26.00 


99. S9 


20.590 


251.5 




SO.OO 


98.81 


24,400 


300.6 




75.00 


97.48 


27.000 


337.0 


\ : 100.00 


96. 85 


29,130 


369.6 


128.0 


98.57 


31,220 


405.6 


156.0 


91.00 


32,780 


437.2 


IS.OO 


99.84 


19,140 


233.6 


1906 1 








Jaa. 5 100.08 18.00 


99.94 


19,130 


233.2 


35.00 


99.79 




251.2 


1905 i ; 








Dec. 12 '■ 50.06 18.00 


40.99 


10,405 


253.5 


1 25.00 


40.92 


11,196 


273.1 


1 50.00 


49.48 


13,165 


323.0 


75.00 


48.81 


14,316 


356.0 


100.00 


48.00 


15,814 


385.5 


128.0 


46.86 


16,129 


418.4 


155.9 


45.60 


16,886 


449.8 


IS.OO 


49.09 


10.399 


253.4 


1906 










Jan. 3 


12.503 18.00 


12.485 


3,092 


301.7 




I 25.00 


12.467 


3,355 


327.7 




1 50.00 


12.356 


3,996 


303.7 




75.00 


12.189 


4,241 


423.4 




1 100.00 


11.9S6 


4,307 


437.0 




128.0 


11.701 


4.371 


454.0 


156.0 


11.387 


4,475 


477.4 


18.00 


12.485 


3,093 


^1.7 
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Table 95, — Additional conductivily data for sulphur 

[Results of Noyc* k Eutnun.] 



r acid — Continued. 







C»c«i[.<lo. 




E<).l»l.» 


"*■ 


«4". 


I". 


ul°. 


XIO". 




1906 












Jan. 1 


2.0012 


18.00 


1.0084 


580.3 


353.7 




25.00 


1.0054 


040.5 


390.9 






50.00 


1.9777 


81S.3 


601.9 






75.00 


1.0511 


002.7 


563.0 






100.00 


1.0186 


006.7 


574.8 






128.0 


1.8730 


859.3 


557.7 






156.0 


1.8226 


813.7 


542.3 






18.00 


1.9984 


580.5 


853.8 


1903 












Dec. 19 


0.49S2 


18.00 


0.49B1 


152.0 


371.4 






25.00 


0.4977 


168.8 


413.1 




50.00 


0.4033 


224.1 


552.0 






75.00 


0.486T 


263.0 


657.5 






100.00 


0.47B5 


278.9 


708.0 






128.0 


0.4672 


270.2 


703.0 






156.0 


0.4546 


243.2 


656.1 






IB. 00 


0.4985 


152.7 


373.1 


Dec. 21 


0.5006 


18.00 


0.4908 


152.7 


372.1 






25.00 


0.4901 


160.8 


414.4 




50.00 


0.4048 


325.3 


554.4 




75.00 


0.4880 


264.3 


659.1 




100.00 


0.4798 


280.3 


711.0 




12B.0 


0.4684 


371.7 


704.9 




15fl.0 


0.4558 


246.7 


057.4 




18.00 


0.4908 


152. B 


372.7 


l»oe 1 










Jao. 10. 1 0.19S3 


18.00 


0.1980 


01.04 


375.5 




25.00 


0.1977 


08.05 


419.2 




50.00 


0.1050 


91.40 


667.8 




75.00 


0.1933 


110.33 


«94.5 




100.00 


0.1001 


122.64 


784.6 


1 


128.1 


0.1B56 


124.78 


817.4 




IGO.O 


0.1806 


115.32 


775.1 




18.00 


0.1080 


SI. 53 


378.6 


Jan. 12 0.2013 


18.00 


0.2010 


61.73 


374.0 




23.00 


0.2007 


08.87 


417.8 




50.00 


0.1990 


92.56 


5S6.3 




75.00 


0.1063 


111.91 


603.8 




100.00 


0.1930 


124.33 


783 .« 




128.1 


0.1B84 


128.87 


818.5 




ise.o 


0.1834 


117.29 


777.1 




18.00 


0.2010 


62.80 


380.5 


Jan. 18. 0.1989 


18.00 


0.1986 


61.15 


375.0 




100.00 


0.1907 


122.40 


780.7 




128.4 


O.lBOl 


124.22 


811.4 




135.9 


0.1812 


114.87 


768.9 




IS. 00 


0.1986 


61.00 


374.1 


Oct. 20. 2.647 


18.00 


2.643 




348.7 




304.3 


1.853 


882.3 


638.1 




18.00 


2.643 


682.5 


348.2 


Aug. 26 m.a? 


18.00 


114.31 


19.501 


229.8 




218.0 


97.01 


34.904 


483.3 




303.2 


80.62 


28,490 


473.0 


i 


IB. 00 


114.61 


19.387 


328. 9 
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Conductivity of Aqueous Solutions. — Part VIII. 
Table 90.— Conductivity data for pkcsphoric acid. 



Due 








0^.cu«* 


U«UI 




1.4'. 


f. 


Hl°. 


XlOi. 




1906 












Feb. 7. 


o.zseas 


18.00 


0.2263 


01.30 


329.9 






2S.00 


0.2200 


67.94 


366.1 






90.14 


0.2240 


00.47 


491.3 






75.00 


0.2210 


103.53 


597.7 






100.00 


0.2173 


122.40 


085.1 






128. 


0.2121 


132.30 


753.0 






1S«.0 


0.2004 


136. SS 


801.8 






18.00 


0.2203 


01.38 


330.4 


Jan. 22 


1.M89 


18.00 


1.M61 


403.9 


283.1 






25.00 


l.«31 


510.6 


312.0 






50.14 


1.0793 


691.9 


401.8 






75.00 


1.W88 


745.8 


465.7 






100. 00 


1.9103 


79B.6 


903.0 






128.1 


1.3706 


795.2 


916.7 






150.1 


1.80)3 


753.6 


508.9 






18.00 


1.9001 


403.5 


282.9 


Jan. 24 


8.0003 


18.00 


1.0974 


464.9 


283.3 






25.00 


1.9945 


511.1 


318.1 






90.14 


1.9767 


692.8 


402.0 






75.00 


1.BS02 


747.0 


466.1 






100.00 


1.9176 


793.7 


S03.3 






128.0 


1.3721 


798.5 


917.2 






150.1 


1.8210 


754.9 


903.4 






18.00 


1.9974 


404.S 


88S.1 


Jan. SO 


is.twr 


18.00 


12.489 


1.962 


191.3 






29.00 


12.471 


2.133 


203.3 






50.14 


12.360 


S^Kl 


255.3 






75.00 


IS. 194 


2.814 


280.8 


Jan. s«. 


18.501 


18.00 


12.483 


1.960.4 


191.3 






100.00 


11.984 


2,839.6 


288.8 






128.0 


11.699 


2,099.7 


280.5 






156.0 


11.385 


2,436.9 


200.0 






75.00 


IS. 187 


2,814.3 


281.0 






18.00 


12.483 


1.900.3 


191.3 






25.00 


1S.464 


2,131.7 


206.3 






50.14 


1S.953 


2,590.0 


SS5.3 


Jan. sa 


90.016 


19.00 


49.94 


ijm 


lil2.8 






25.00 


49.87 


5.435 


138.7 






SO. 14 


49.43 


6,441 


158.0 






75.00 


48.76 


6,823 


170.3 






100.00 


47.95 


6,727 


170.0 






128.0 


40.81 


6,291 


102.3 






1S6.0 


49.59 


9.533 


147.6 






13.00 


49.94 




122.7 


Feb. 1 


100.00 


18.00 


99.80 


7i918 


96.0 






29.00 


09.71 


8,924 


104.1 






90.14 


93. B3 


10,004 


123.3 






75.00 


97.49 


10,500 


131.8 






100.00 


95.87 


10.292 


130.6 






128.0 


93.00 


0,501 


183.4 






15S.0 


91.07 


8.377 


111.7 






18.00 


90.80 


7.911 


oo.s 
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Section pj. — The Conductivity Data. 
Table 97. — Conductivity data for nitric acid. 







Ttmtttu«e 


C««.RUl« 


Cudiciiict 


Iqglnlcol 




•.4°. 




•< C. 


XIC. 




1906 












Feb. 20. 


0.5010 


18.00 


0.5003 


153.06 


374.1 






2.1.00 


0.5000 


171.06 


417.0 






50.14 


0.4951 


320.65 


564.7 






75.00 


0.4884 


279.88 


697.2 






100.00 


0.4603 


321.85 


815.0 






137. 8 


0.4000 


358.88 


030.1 






155.8 


0.4504 


3S6.33 


1.028.3 






18.00 


0.5003 


153.40 


373.7 


Feb. 24. 


0.4075 


18.00 


0.4968 


153.51 


373.9 






100.00 


0.4769 


319.08 


815.2 






156.00 


0.4531 


383.73 


1,028.8 






18.00 


0.4968 


133.60 


374.1 


Feb. 2S. 


1.9688 


18.00 


1.9661 


599.2 


371.2 






25.00 


1.9631 


666.8 


413.7 






50.00 


1.9457 


893.3 


558.9 






75.00 


1.91B6 


1,090.0 


691.0 






100.00 


1.8874 


1.262.2 


806.8 






128.0 


1.8436 


1,394.9 


920.1 






1S8.0 


1.7931 


1,496.6 


1.013.0 






18.00 


1.9681 


508.4 


370. 8 


Feb. 28. 


12.49S 


18.00 


12.481 


3,728 


363.9 






38.00 


12.462 


4,144 


405.0 






SO.OO 


12.351 


5,542 


546.3 






75.00 


12.185 


6,747 


673.7 






100.00 


n.981 


7,710 


783.6 






138.0 


11.697 


8,555 


880.0 






150.1 


11.382 


0,133 


974.7 






18.00 


13.481 


3,720 


363.1 


Mar. 2 


50.03 


18.00 


49.95 


14,505 


353.7 






25.00 


49.88 


16,108 


303.3 






BO.OO 


49.43 


21.464 


528.6 






75.00 


48.77 


20.028 


640.4 






100.00 


47.95 


20,021 


751.2 






128.0 


46.81 


32,637 


847.4 






JS6.0 


43.66 


34,554 


921.4 






IS. 00 


49.95 


14,491 


353.4 


Mar. 5 


100.12 


18.00 


99.98 


28,430 


346.4 






33.00 


99.83 


31,560 


385.0 






50.00 


93.94 


41,930 


315.0 






75.00 


07.61 


50.740 


632.5 






100.00 


05.98 


57,600 


729.0 






138.00 


93.70 


63,210 


820.0 






156.1 


01.18 


66,530 


885.0 






18.00 


09.08 


38,430 


346.3 


Oct IB 


2.377 


18.00 


3.274 


625.0 


370.7 






218.3 


1.018 


1.661.6 


1,163 






18.00 


3.27* 


620.0 


368.1 


Oct. 11 


2.879 


18.00 


3.873 


790.8 


3T0.9 






303.9 


2.021 


1.733.7 


1,150 






18.00 


3.875 


781.3 


366.4 


Aag. 25 


100.12 


18.00 


09.98 


25.654 


346.0 






217.8 


84.72 


58,072 


920.5 






303.6 


70.20 


36,233 


500.1 






18.00 


09.98 


35.361 


342.0 


Nov. 13 


100.13 


18.00 


99.98 


25.629 


345.7 






218.2 


84.38 


57,870 


031.0 






18.00 


90.98 


36,629 


346.7 
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CondiuHvity of Aqueous Solutions. — Part VIII. 
Table M. — Conductivity data for barium hydroxide. 



'• C««,..,«l« 










1 u 40. 


f. 


«/<•- 


X10<. 




IBM 










Mnr. 28 0.9011 


18.00 


0.5004 


90.1 


210.5 






2S.0O 


0.4006 


102.9 


251.0 1 






80.00 


0.49S2 


150.1 


369.3 






75.00 


0.4886 


107.5 


492.4 






100.00 


0.4804 


240.0 


609.7 1 






I2S.0 


0.4689 


280.0 


727 i 






158.0 


0.4563 


301.9 


804 1 






IS.OO 


0.S004 


56.2 


136.9 


Apr. 4. 2.000 


18.00 


1.007 


352.4 


215.2 1 




SO.OO 


1.976 


580. 1 


367.7 i 


1 100.00 


l-m7 


021.6 


585.2 




156.0 


1.821 


1,187.9 


793.1 ! 




18.00 


1.997 


323.0 


197.2 


Apr. 5 2.003 


18.00 


2.000 


353.0 


21S.8 , 






50.00 


1.079 


583.1 


3S9.0 






100.00 


1.920 


927.0 


587.8 1 






18.00 


2.000 


351.0 


214.0 ; 


Apr. ». 


12.516 


18.00 


12.499 


2J06 


205.4 






25.00 


12.480 


2^93 


232.8 






50.00 


12.360 


3.452 


338.1 






75.00 


12.203 


4.438 


443.1 1 






100.00 


11.909 


5.333 


541.1 






156.0 


11.400 


«.6oe 


705.1 




; 100.00 


11.999 


5.260 


533.7 i 


18.00 


12.499 


2.069 


201.8 


Apr. 2 40.09 18.00 


40.92 


7,822 


101.1 ! 


1 1 29.00 


49.85 


8.794 


215.1 1 


1 i 50.00 


49.40 


12,508 


308.5 1 


1 75.00 


48.74 


15.982 


399.4 i 


' 100.00 


47.92 


18.893 


480.1 ' 


128.0 


46.79 


31,214 


551.7 


IM.O 


43.53 


223I6 


506.0 1 


18.00 


49.92 


7,730 


188.8 


Mar. 31 , flB.98 18.00 


90.84 


14,750 


180.1 


as. 00 


90.69 


16,700 


204.3 1 


50.00 


98.80 


23.630 


201.3 1 


1 73.00 


97.48 


29,950 


374.3 


i 100.00 


95.85 


35.080 


445.5 


128.0 


93.57 


38;010 


506.0 ' 


I 1S8.0 


91.06 


40.290 


538.1 i 


1 18.00 


99.81 


14,680 


179.3 1 
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Section 93. — The Conductivity Data. 
Table 9S. — Conductivity data for potassium hydrogen sulphate. 



!» 




C<i««itiul« 


C«i<«tui« 


UoM 






uf. 


XVf. 




IMS 










Jan. 8. 


100. ID 18.00 


100.05 


21,660 


263.7 






99.90 


33,230 


283.2 






W.Ol 


26,820 


329.7 




75.00 


97.68 


28.570 


356.9 




100.00 


96.05 




377.4 




1S8.0 


03.77 


3U50 


406.4 




156.1 


D1.24 




440.7 






100.05 


21,660 




Jan. 16 


1.9W 1 18.00 


1.991 


744.5 


455.5 




25.00 


1.988 


827.0 






50.00 


1.970 


1,OT2.0 


662.3 1 




75.00 


1.944 


1,210.4 


757.6 j 




100.00 


1.911 


1,240.8 


789.5 




128.0 


1.80S 


1,108.9 


780.9 




156.0 


1.816 


M37.8 


761.2 




18.00 


1.991 


743.0 


454.5 


•July 10. 


50.04 16.00 


49.97 


10,971 


295.5 




25.00 


49.90 


11,804 


318.4 




60.00 


49.46 


13,795 


375.3 




75.00 


48.79 




404.9 




100.00 


47.97 


15,181 


425.3 




128.0 


46.83 


15,728 


451.1 




156.0 


45.57 




483.8 




18.00 


49.9? 


10,960 


295.5 



'The QHidactuKC-capacitT here lued wu tl 



t of Cell III u dMennlned Julf 10, nuDcljr, 



Table 100.— Conduclivily data for hydrochloric acid. 




Dim. 


««'. 


Ttmfauan 


.1(0. 


XIC. 


E4>I>.1»< 


1906 
July 18. 

Jnly 19. 

July 21 

Jnly 22 

July 25 

Sept 19 

Sept 25 

Sept 26 


2.870 

14.327 

14.323 

114.60 
114.60 

2.873 
14.281 
114.42 


18.00 
259.6 
305.9 
18.00 
18.00 
259.6 
306.5 
18.00 
18.00 
259.1 
303. B 
18.00 
18.00 
18.00 
260.3 
303.3 
18.00 
18.00 
304.0 
18.00 
18.00 

30*.: 

18.00 
304.0 
18.00 


2.866 
2.259 
2.003 
2.866 
14.307 
11.274 
9.985 
14.307 
14.303 
11.284 
10.059 
14.303 
114.44 
114.44 
90.04 
80.56 
1M.44 
2.869 
2.015 
2.860 
14.261 
10.016 
14.261 
80.27 
114.26 


796.1 

2,282 

2,001 
793.5 

3,899 
10,227 

8,650 

3,797 

3,893 
10,223 

8,778 

3,852 
29,586 
29,551 
69,396 
52,804 
29.300 
797.2 

2.015 
795.9 

3,882 

8.728 

3,873 
52,240 


374.5 

1.326 

1,338 
373.3 
367.4 

WW. 8 

1.160.8 
367.8 
387.0 

1.216.2 

1.169.4 
363.1 
348.6 
348.1 

1,034.0 
875.1 
345.2 
374.8 

1,340 
374.2 
367.1 

1.168 
366.2 
872.2 
348.8 
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Conductivity of Aqueous Solutions. — Part VIII. 



94. SUMMARY OF THE VALLTES OF THE EQUIVALE^f^ CONDUCTANCE. 

Tables 101 to 107 contain a summary of the values of the equivalent 
conductance given in the preceding tables. Kato's values (and a few 
other values) have been corrected to round temperatures by means of tem- 
perature-coefficients obtained from a plot of them. In no case, except at 
218° and above, did the correction exceed 0.2 per cent of the whole. In 
the few experiments where the difference between the initial and final 
values at 18° exceeds 0.25 per cent, the values at the highest temperatures 
have been corrected for contamination as described in section 91, When 
such a correction has been applied it has been indicated in the tables by 
affixing the letter c to the value in question. 





Table lOl.— EfKnxibnf conductance of sulphuric add. 
[Renlu of Y. Kito.] 




Dai«. 




IB" 


1«P» 


156° 


- , 




Inhlil. 


Fl»l. 


Inltiil. 


FlDlt. 


I.lri^. 


n»i. 


]90S 
Sept. 11.. 

Sept 12.. 
Sept 13.. 
Mean . 
Aug. as.. 
Aug. 26.. 
Aug. 31.. 
Sept 1.. 
Sept 8.. 
Sept 7.. 
Sept 9.. 
Sept la. 

Mean . 

Kag. S3.. 
Ang. 24.. 
Sept 14.. 
Sept 15.. 
Sept 16.. 
Sept 16.. 

Mean . 


0.S052 
0.5670 
0.5S38 


374.1 
371.6 
372.9 


374.1 
371.6 
373.6 


713.0 
700.0 
710.0 






655.4 
641.3 
652.1 


MZ.'i 


S88.0 

684.2 
989.3 


702. 




0.532 


372.8 


373.1 

354.3 
354.7 
354.9 
354.6 


707.7 






649.6 
541.5 
543.7 

'539!6 


'Mi;9 
545.3 


587.2 

sa2.i 

698.2 

Mlioo 
563.1 

571. l" 
565.7 
563.4 


1.992 
2.032 
2.047 
2.107 
2.091 
2.075 
2.050 
2.050 


zss'.i 

353.8 
354.6 
350.5 
354.5 
354.5 


673 !o 
572.1 

'sisla 





ijy 


B.070 
i 2.076 
2.052 
2.0.17 
11.7*8 
11.762 
11.643 
11.945 
11.945 
11.901 


353. S 




'srals 








'542!2 

^48o-;o' 

477. S 

478. B 
478.9 

478! 7 


'isola 


"SiM-i 


301.2 
302.8 
304.5 
301.9 
303.8 
303.6 


304.5 
305.4 
304.5 
303.1 
303.8 
303.5 


440.2 
430.0 
440. S 
439.5 






534. 6e 
530.80 
534.0 
532.7c 

"sasA 


439. 


11.824 
11.839 
11.820 


302.9 


304.2 


'430! 3 






"m.i 




■533 is 
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Section P4. — Summary of Equivalent Conductances. 
Table 102. — EtjuhaUnt eonductance of tulphurk acid. 

[RcmlU of NoTH & Eutmin.] 



..,., 


Oncenn*. 


IB» 


JS». 


M>. 


7S". 


100». 


1!8°. 


IM". 


(foil •■ 4°. 


Is hill. 


n.^. 


1905 




















Jan. 10.. 


o.iesa 


375.5 


378.5 


419.2 


567.8 


694.9 


734.6 


815.8" 


769.0= 


Jan. 12.. 


0.2013 


374.0 


380.5 


417.8 


566.3 


693. S 


783.6 


814. 9<! 


771.0* 


Jan. 18.. 
Means . 


•0.1B89 


375.0 


374.1 








780.7 


813. 1= 


769. 7C 


i 0.1995 


374.9 


376. « 








782.4 


813.7 


769.8 


( 0.1998 






418.5 


667.0 


694.1 










0.4992 




373.1 


413.1 


558.9 


657.5 


708.9 


702.2^ 


653.1= 


Dec. 21.. 
Mean . 
1906 


0.6005 


373.1 


372.7 


411.4 


554.4 


659.1 
658.3 


711.0 


704.9 


657.4 


0.4999 


371.8 


372.9 


413.7 


553.6 


709.9 


703.6 


655.2 




















Jan. 1.. 


2.001 


353.7 


393. « 


390.9 


501.9 


563.0 


574.8 


557.7 


542.3 


Jan. 3. . 


12.90 


301.7 


301.7 


3S7.7 


393.7 


423. 4 


437.0 


454.0 


477.4 


190S 




















Dec. 12.. 


SO. 06 


253.9 


2.13.1 


B73.1 


333.9 


359.9 


385.5 


418.4 


450.0 


Dec. 1*.. 


99.98 


233.6 


233. fl 


251. S 


300.6 


337.0 


369.6 


405.6 


437.3 


1908 




















Jan. 5.. 
Means . 


100.08 


233.2 




351.2 


























40.V6 


437.2 


1100.03 


233.4 




251.3 


































2.647 


348.7 


348.S 






639 








Aug. 26.. 


114.67 


229.6 


228.8 




484" 


4740 









it wu given donbte wcisbl in computing the n 



It of the mullet 



Table 103. — Molal conductance of phosphoric acid. 



Due. 


s:-.-^ 


189 


I5=. 


SCP. 


«■>. 


lOCP". 


118°. 


Off. 


Inltlll. 


Flul. 


1908 
Feb. 7.. 
Jan. 23. . 
Jan. 24.. 

Mean . 
Jan. 26.. 
Jan. 29.. 

Mean . 
Jan. 30.. 
Feb. I.. 


0.3266 
1.999 
3.000 


339.9 

283.1 
283.3 


330.4 
283.9 

283.1 


386.1 
312.0 
312.1 


491.1 
401.3 

401.6 


597.7 
465.7 

466,1 


685 
503 

503 





758 
516 
517 
"517 


5 
7 

o" 


801.8 
503.0 
503.5 
503.2 


2.000 
12.51 
13.50 


283.8 


283. C 


312.0 


401.4 
255.1 
855.1 


465.9 


603 


a 


191.3 
181.3 


iwis 


308.3 
208.3 


380.8 
381.0 


2^ 


2 


280 


5 


260.6 


13.50 


191.3 




208.3 


255.1 


280.9 


Tto 

I3D 


_2_ 

• 


162 
123 


3 


360.0 


50.02 
100.00 


133.8 
96.6 


122.7 
96.5 


132.7 
104.1 


158.5 
123.2 


170.3 
131.2 


147.6 
111.7 
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Table 104. — Equfvalenl conductance of nitric acid. 



.„. 


arr;t 


18" 






W. 


l«i». 




. 1 


lildil. 


nui. 


^. «. 


""' "■ 1 


1906 
Feb. 20. 
Feb. 24. 

Mean .. 

Feb. 36. 
Feb. 28. 
Mar. 2. 
Uar. 6. 


0.5010 
0.4971 


374.1 
373.0 


373.7 
374.1 


417.0 


503.9 


697.2 


815.0 
815. 2 


930.9 


1,029.0 
1.028.8 
1,028.9 


j 0.4992 

I 0.5010 

1.969 

12.50 

so.oe 

100.12 




373. B 






697! 2' 


815.1 










417.0 


563.9 


93r 


.1 

.0 


371.2 
J63.9 
353.7 
J46.4 


370.8 
383.1 
353.4 
346.3 


413.7 
405.0 
393.3 
385.0 


558.9 
548.3 
528.6 
515.9 


691.0 
673.7 
649.4 
632.S 


806.8 
783.5 
751.2 
729.9 


92« 
881 

Mi 
est, 


1,013.9 
974. 4 
921.4 
eS5.7 


,_. 




lEP 


_ 1 




n«i. 




1 


1906 


2.277 

2.879 

100.12 

100.12 


370.7 
370.9 
346.0 
345.7 


368.1 
366.4 
342.0 
345.7 




















.^. 1 


Nov. 12 


921 
































1 



Table I05j — EquivaUtil condticlanee of barium hydroxide. 



Dm. 


rrr 


1B° 


W. 






. 


l«/>. 


128°. 


1S6". 


isltltl. 


nnil. 


"■■ 1 "■ 


Mar. 28. 
Apr. 4. 
Apr. 5t 
Mean . 
Apr. 6. 
Apr. 3. 
Mar. 21. 


0.5011 
2.000 
2.003 


219.5 
215. S 
215.8 


136.9 
197.2 
214.0 


251.0 


•369 
3S7 
359 


3 -492.4 

7 




5890 

S9ie 


■8000 


■1.000« 
8W 


_2^0Q2_ 

49^99 
99.98 


215.5 
205. 1 
191.1 
180.1 


1 


358 


6 




t541.1 
480.1 
44S.B 




840 


201.8; 232.8 
188. 8i 215.1 
179.3| 204.3 


338 
308 
291 


5 




443.1 
399.4 
374.3 




553.4' 
506.60 


713= 

600.8c 

439.70 



, t mt 100", 

iTbli lUnc c^orrMIion for CO 
two third* of the peiccntmge c 



Table lOe. — Molal conductance of folastitm hydrogen sulphate. 



..... 


'^'^ \-^' 


n^T 


2S». 


MP. 


7S°. 


lOO". j 12B°. 


156". 


1906 
Jan. IS.. 
July 10.. 
Jan. 8.. 


1.994 455.5 
.SO. 04 29S.5 
100.19 263.7 


454. S 
295.5 
263.7 


506.6 
318.4 
283.2 


862.3 
37s. 3 
329.7 


7S7.6 
404.9 
355.9 


789.5 1 780.9 
42,1.3 451.1 
377.4 ' 406.4 


761.2 
483.7 
440.7 
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Section 94. — Summary of Equivalent Conductances. 
Table VH.—Equivalettt eotuluetaitee of kydrochtoric acid. 



Dm. 




18° 


laf. 


30^. 




iiiilii. 


FI0.I. 


i9oe 

JnlT IS... 
Sept 19. . . 

Meon ... 
July 19... 
Jal7 21... 
SeptSS... 

Mean ... 
July 22... 
Jniy 25... 
Sept 2a... 

HeaB ... 


2.870 
2.873 


374.5 
374.8 


373.3 
374.2 


U26 


1,338 
1,338 


2.872 


374.6 




1.326 


1,337 
1,162 
1,162 
1,162 


14.33 
14.32 
4.28 


367.4 
307.0 
367.1 


357.8 
363.1 
366.2 


1,217 
1.216 


4.31 


367.2 




1,316 


1.162 


1 4.60 
114.60 
114.42 


348.6 
348.1 


kVs'.z 

348.8 


ioss' 


862 


114.5 


348.4 


1.035 


862 



The degree of concordance of the results of the experiments carried 
only to 156° may be first considered. An examination of the preceding 
tables shows that for sulphuric, phosphoric, and nitric acids and potas- 
sium hydrogen sulphate in solutions % milli-normal and stronger, the 
agreement between the initial and final values at 18°> and between dupli- 
cate experiments is in general better than 0.& per cent, the greatest differ- 
ence being 0.22 per cent. The same is also true of the 0.3 milli-molal phos- 
phoric acid and of the 0.6 milli-normal nitric acids. In the 0.3 and 0.5 
milli-normal sulphuric acid solutions, however, the final values at 18° are 
.•somewhat larger than the initial, averaging 0.6 and 0.3 per cent respec- 
tively. The independent experiments at these two concentrations agreed 
within about the same limits, the greatest average deviation from the mean 
being 0.83 per cent. Kato's values (table 101) show about the same differ- 
ences as our own between the intial and final 18° values, except in three 
experiments which show an increase of about 1 per cent. A comparison 
of his individual experiments with one another can hardly be made owing 
to large differences in concentration, but his final means compared after 
reducing to round concentrations agree with our own within 0.2 per cent, 
except at 100° in the 0.5 and 2.0 milli-normal where the differences reach 
0.4 per cent. The divei^nce between the initial and final 18° values for 
barium hydroxide increases rapidly with the dilution, amounting to 0.4 
per cent at 100 milli-normal, 1.2 per cent at 50 milli-normal, 8 per cent at 
3 milli-normal, and 38 per cent at 0.5 milli-normal, in cases where the solu- 
tion had been heated to 166°. These large changes in the dilute solutions 
make, of course, the observed values of the conductance at the higher 
temperatures very inaccurate ; but the error has been doubtless reduced to 
a relatively small amount (except for the 0.5 milli-normal solution) by 
the correction applied for the contamination as described in section 91. 
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In the experiments extended to 218°, 860°, and 306° the agreement was 
not so good, owing to greater contamination. In the first experiments 
with hydrochloric acid, made in July, 1906, the final values at 18" differed 
from the initial values by one to three per cent (except in the most dilute 
solution). This seems to have been due to the presence of gold and 
platinum dissolved from the lining; for the strongest solution had a light 
yellow color after the heating, and a small precipitate of gold and a brown 
coloration was obtained on adding stannous chloride. To diminish this 
solvent action, the solutions in the later experiments made in September 
were boiled at about 60' under reduced pressure just after they were intro- 
duced into the bomb; and it was then found that the initial and final 
values at 18° agreed within 0.3 per cent. The fact that the two sets of 
experiments gave concordant results at 306* shows that the presence of 
the gold or platinum had no influence at that temperature, probably owing 
to the hydrolysis of their salts. Differences of about one per cent were 
observed in some of the experiments with nitric and sulphuric acid, but 
these solutions did not contain gold or platinum in appreciable quantity. 

In the course of the experiments with the 2 milli-normal nitric acid, the 
remarkable phenomenon was observed in four or five cases that the con- 
ductance rapidly decreased during the heating above SOO", owing evi- 
dently to decomposition of the acid. Thus, in one case after heating to 
306° it was found that the final conductance at 18° was only five per cent 
of the initial value. This decomposition was apparently started by minute 
quantities of impurities accidentally introduced into the bomb ; for it was 
found possible to prevent it by making up the solution with exceptionally 
pure water and taking special precautions against contamination.* This 
behavior is entirely analogous to that of silver nitrate as observed by 
Noyes and Melcher and described in section 39, Part IV, 

'The nitric acid seems to decompose into nitrogen (or nitrous oxide), oxyeen, 
and water; for tests for nitrite and for ammonia made by the processes used in 
water analysis on a 2 milli-normal solution which had been heated to S18° and had 
greatly decreased in conductance showed that the quantities of these substances 
present were less than 0.1 per cent of the nitric acid originally in the solution. 
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95. FINAL VALUES OF THE EQUIVALENT CONDUCTANCE AT ROUND 
CCWCENTRATIONS. 

The mean values of the equivalent or molal conductance given in tables 
101 to 107 have been reduced to round concentrations by the help of coeffi- 
cients derived from curves obtained by plotting A against some function 
of the concentration (C), or of the product AC. The error introduced in 
reducing in this way to round concentrations probably exceeds 0.1 or 0,8 
per cent only for those values, inclosed within parentheses in the table 
below, which it was necessary to correct for a fairly large difference in 
concentration. 

The equivalent conductances at zero concentration (A^) have been 
obtained in the cases of nitric acid, phosphoric acid, and barium hydroxide 
at temperatures up to 1S6* by extrapolation upon plots of 1/A against 
(aC)"*^, as described in section 17, Part II (except that those for t>arium 
hydroxide at 75° and 138° were obtained, by interpolation, from a plot of the 
other A„ values against the temperature). The Ao-value for hydrochloric 
acid at 306° was obtained in the same way ; but to get that at 260° the value 
of the exponent » was assumed to be 1.50, since the data were not sufficient 
to determine this with accuracy. The A^-values for nitric acid at 218° 
and 306° were assumed to be 97 per cent of those for hydrochloric acid at 
these temperatures, just as they are at 100° and 156°. Owing to the con- 
tamination in the more dilute solution, the A,-values for barium hydroxide 
at the higher temperatures are only rough approximations ; and owing to 
the long extrapolation, those for hydrochloric and nitric acids at 260° and 
306° may well be in error by two to three per cent The A^-values for 
sulphuric acid at 18°, 100°, 156°, 218° and 306° were obtained by the 

^ A«H,BOi ^ AoBOl + A«KgSO« — A^Ol 

using the values for hydrochloric acid, potassium sulphate, and potassium 
chloride given in table 36, (§ 54, Part V), table 22, (§ 41, Part IV), and 
table 9 {§ 16, Part II), respectively. Those at the intermediate tempera- 
tures were obtained from the others by graphic interpolation. 

The final values so obtained are all given in tables 108 and 109. The 
temperatures are those of the hydrogen-gas scale. The concentration is 
expressed in milli-equivalents (or milli-formula-weights) of solute per 
liter of solution at the temperature of the measurement, the atomic weight 
of oxygen being taken as 16.00 and the weights of substances being cor- 
rected for air buoyancy; milli-formula-weights per liter are given for 
phosphoric acid and potassium hydrogen sulphate, milli-equivalents per 
liter for all the other substances. The equivalent or molal conductance is 
expressed in reciprocal ohms ; the molal conductance is given in the case 
of phosphoric acid and potassium hydrogen sulphate, the equivalent con- 
ductance in all other cases. 
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Table 168.— Fina/ vahtts of the eqttivalent or motal conductance uf to zii'. 



10.0 
12.5 
50.0 



0.5 
S.O 
10.0 
12. S 
SO.O 
SO.O 
100.0 
0.0 
0.2 
2.0 
10.0 
18. « 
.W.O 



10.0 
90.0 
80.0 
100.0 



377 

374.0 

371.2 

(3SS) 
363.9 
353.7 

(348) 
346.4 



374.6 
371.8 
353.9 

(309) 



417.0 
413.7 

(406) 
405.0 
393.3 

(388) 
385. D 

(429) 
418. S 
413.7 
390.8 

(337) 
327.5 
273.0 

(268) 
351.2 
376 
367.2 
311.9 

(2W) 
203.1 
132.6 

(112.4) 
104.0 



570 

563.9 

S58.8 

<548) 
546.2 
528.4 

(521) 
515.7 

(591) 
366. 9 
553.4 
501.3 

(408) 
393.1 
32.1.4 

(306) 
300.3 
310 
493.0 
400.7 

(273) 
254.1 



697.1 
689.7 

(678) 
673.4 
648.9 

(637) 
S31.8 

(74«) 
693.6 
•57.0 
560.8 

(435) 
421.9 
356.0 

(342) 
336.4 



600.3 
463.6 
(300) 
278.5 



814.8 
806.2 
{786) 
782.7 



779.6 
706.3 
571.0 

(446) 
434.9 
3S4.3 

(373) 
368.8 
730 
688. S 
498.2 

(308) 



157.8 168. 6 

1133) (141) 

122.7 i 129.9 

3S9 i(S»» 



191.1 
(184) 

180.1 

455.3 
(379) 

295.5 
(273) 

283.7 



232.8 
215.1 

(208) 
204.2 
506.3 

(417) 
318. 3 

(294) 



(296) |(38£) 
291 373 

661.0 , 754.1 

(508) (558) 
374.4 402.8 

(343) (369) 
~".l 354.4 



435 
030 
7S2.1 804.' 
507. 6| 489.0 . 
(274) 
250.5 
158. 0| 142.0 
(118) 
107.7 



(50e) 
(488) 
(483) 



(134) 
120.2 
(760) 



847 



Table lO».~Final values of the equivalenl 
conductance at z6o' and 306'. 



Mb««.c. 


^. 


Wf. 


JOS". 


HCl 


0.0 
2.0 
10.0 
80.0 
0.0 
2.0 
70.0 
M.O 
0.0 
8.0 
SO.O 


1.380 
1,332 
1.286 
1,046 


1,424 
1,337 
1,162 
862 
(1.380) 
1,156 
482 
(454) 
(2,030) 
•37 
474 
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163 



The values given in table 109 for sulphuric acid are tlie means of those 
obtained by Mr. Kato and ourselves in the case of the 8 and 12.6 milli- 
normal solutions. The values derived by each were as follows: 



COKBU™- 


i(P 


lO^ 


1«" 


do. 


EUB. 


M.AE. 


rm. 1 N.*i. 


Kmb. 1 H.AB. 


0.5 
2.0 
12.5 


373 .a 
3M.1 
301.0 


371.8 
353.7 
301.7 


709.0 
572.S 
434.B 


706.3 
M9.8 
*35.0 


845 
930 
475.4 


S44 
539 
47S.3 



We regard our values for the very dilute 0.6 milli-normal solution as 
more reliable because of the fact that our bomb was rotated, thus remov- 
ing any contamination from the immediate neighborhood of the electrodes. 

Table 110 contains a comparative summary of the results at 18° of 
previous investigations and of our own. From all the earlier values the 
conductance of the water has been subtracted, while in the case of our 
values, this has not been done; but the conductance of the water used 
(0.3 to 0.5 X 10'* at 18') amounted to only about 0.« per cent of that 
of the 0.5 milli-normal acid solutions. Interpolated values are inclosed 
within parentheses. 



Table 110.— Contfomon of the t 



'nductance vatttes at IS* with those of other 
nvtstigalors. 







Nitric icM. { 


.r;> 


Vi^t 


[J22* 


FMKt.t 


ijBr«ft 


Hukill.r 


Knkl- 


Nom* 


0.3 

D.S 
2.0 
12.5 
50.0 
100.0 


(368) ' 
351 

253" 
225 


(379) 
(376) 
(350) 


374.9 
371. S 


312 

(189) 
(128.9) 
(96.7) 


330.8 
(380) 
283.1 
191.2 
128.7 
96.5 


' 373^9 
371.4 


"374' 

■■397' 
350 


371.8 

346.4 



'Kofalriiuch ft Holborn, Leitvermecen 
^ Interpol alcd fram ■ plot of thcT^ei 



■ (ItO*). 



Oir values for sulphuric acid agree fairly well with those of Kohl- 
rausch and of Whetham, except for the concentration 100 mitli-normal, 
where our value is 3.6 per cent greater than that of Kohlrausch. On 
account of this discrepancy, a check measurement was made (on May 14, 
1906) at this concentration in a U-shaped glass vessel; and the value 
333.6 was obtained for the equivalent conductance, which differs by less 
than 0.2 per cent from the determination made in the bomb. The values 
for the stronger solutions of phosphoric acid agree very well with Fos- 
ter's; but our values for the dilute solutions are considerably greater than 
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his, the difference being 5.6 per cent at 0.3 milli-molal. This divergence 
is doubtless largely due to the fact that Foster subtracted the conductance 
of the water, which in this case amounted to 3.6 per cent of the whole 
conductance. The values for nitric add in the dilute solutions are in 
excellent agreement with those of Gocxlwin and Haskell, who used a 
special method to eliminate the effect of impurities in the water. For the 
stronger solutions, our values exceed Kohlrausch's by about 1 per cent; 
but here, as for sulphuric acid, our value was checked (on May 11, 1906) 
by an independent measurement of a 100 milH-nonnal solution in a 
U-shaped vessel, whereby the value 346.8 (instead of 346.4) was obtained. 

' 96. CHANGE OF THE EQUIVALENT CONDUCTANCE WITH THE CON- 
CENTRATION AND THE TEMPERATURE. 

As in the previous researches in this series we have determined what 
value of n must be used in the equation C(Ao — A)=K(Ca)" to make 
it conform to the results. The values of the exponent so obtained are 
given in table 111. 



Tablb in.~Values of the exponent n 1 
C(A.— A)=A-(CA)" 



the function 



u^««. 


leP. 


IS" 


S<f . 1 7J°. 


laf. 


128». 


13tf>. 


HNO, 

H.PO'. 

Ba(OH)... 


1.43 
l.B 
1.55 


1.(3 


1.43 


1.43 


1.45 
l.B 
1.4S 


1.45 


1.45 
1.8 
1.45 



The values of the exponent at 260° and 306° for hydrochloric acid 
were found to be 1,35 and 1.60, respectively, while Noyes and Cooper's 
values (see table 39, Part V) at the lower temperatures range from 1.38 
to 1.47. For sulphuric acid at 18° (up to 50 milli-normal) the exponent 
has the value of 1.5; it was not determined at the higher temperatures 
because the ionization-relations are there complicated by the presence in 
large quantity of the intermediate HSO*" ion. It will be seen from these 
results that the conductance of nitric acid and hydrochloric acid changes 
with the concentration according to the same law as does that of the 
neutral salts; and that the same is true of the tri-ionic base barium 
hydroxide and of the tri-ionic acid sulphuric acid at 18°. The insignifi- 
cant variation of the exponent with the temperature in the case of all 
these substances is also worthy of notice. It is of interest, too, to note 
that the exponent for phosphoric acid, which is only moderately ionized, 
is intermediate between that found for the largely ionized substances and 
that required by thfe mass-action law. 
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Section 96. — Change of Conductance with Temperature. 26$ 

The change of the Aj-values with the temperature deserves considera- 
tion only in the cases of nitric acid, phosphoric acid, hydrochloric acid 
and barium hydroxide ; for only for these substances were they directly 
derived. Table 113 contains the ratios of these Ag-values to those pre- 
viously given for potassium chloride and for some other substances. 

Table li2.—Ralio of Ike Arvaluei to those for 
potassium chloride and other substances. 





18°. 


100°. 


156°. 




2.90 
0-99 
1.70 
2.60 
0.89 
1.71 
1.90 


1.99 
0.97 
1.38 
1.76 
0.86 
1.56 
1.67 


1.67 
0.97 
1.24 
1.49 
0.86 
1.36 
1.53 




HNO, :Ba(OH), 






Ba(OH).:Ba(NO,),... 



The ratio HOiKCl at 306° was found to be 1.27; its value at lower 
temperatures was found by Noyes and Cooper to be as follows : 2.91 at 
18°, 8.06 at 100°, 1.73 at 156°, and 1.63 at 318°. It will be observed 
that the ratio of the values for hydrochloric and nitric acids is not far 
from unity at all temperatures, showing that the chloride and nitrate 
ions always move at nearly the same rate. The values of the other ratios 
show that the velocities of the hydrogen and hydroxide ions approach 
those of each other and of the neutral-salt ions as the temperature rises. 

Table 113 contains the values of the mean temperature-coefficients of 
the conductance at zero concentration (AAo/A/) for the substances 
included in this investigation. It will be seen that all these values steadily 
decrease, showing that the conductance-temperature curve is concave 
toward the temperature axis and that it has no points of inflexion, as is 
the case with neutral salts. 



.^..... 




18°-50°. 


SF-IOP. 


100°- lit". 


lM°-JltP. 


!18°-30tf'. 


IS-;:::: 
iiS?*::: 

Ha........ 


6.03 
6.50 
5.22 
5.22 


5.12 
6.00 
4.50 
5.12 


3.95 
5.09 
3.67 
3.58 
4.20 


"t.W 


iisi' 



With reference to the effect of temperature on the conductance values 
at the higher concentrations, attention may be called to the fact that 
maximum values are reached in the cases of all the acids investigated, 
namely, near 75° with 0.1 molal and near 12'8*' with 0.002 molal phos- 
phoric acid, between 156° and SIS" with 0.08 normal nitric acid, and 
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between 218° and 360° with 0.08 normal hydrochloric acid. Sulphuric 
acid shows a very different variation of the conductance with the tempera- 
ture at different concentrations. This is best seen by reference to 
figrure 18, on which the values for 0.08 normal hydrochloric and nitric 
acids are also plotted. The most striking feature of this plot is that the 
conductance values for the most concentrated and the most dilute sul- 
ihuric acid at first diverge rapidly with rising temperature (up to about 




F«. la. 
100°), then approach each other (most closely at 218°), and finally again 
divei^. This behavior can be satisfactorily accounted for by assuming 
that the dissociation of this acid takes place in two stages according to 
the reactions : 

H,SO« = H* + HSO,- and HSO/ = H* + SO.- 
and that the extent to which these two reactions occur is very different 
at the different temperatures. This matter will be discussed in the fol- 
lowing section. 
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97. IONIZATION OF THE SUBSTANCES AND ITS CHANCE WITH THE 
CONCENTRATION AND THE TEMreRATURE. 

Tables Hi and IIS contain the values of the ratio 100 A/Ag for the sub- 
stances for which the equivalent or molal conductances are given in 
tables 108 and 109. This ratio doubtless represents approximately the 
percentage ionization in the cases of nitric and phosphoric acids, and 
almost certainly also in the case of barium hydroxide; for the second 
hydrogen of phosphoric acid has been shown by the work of Mr. G. A. 
Abbott* to be less than 0.05 per cent ionized at 18° at even 0.001 molal 
concentration; and the equivalent conductance of barium hydroxide 
behaves at all temperatures so entirely like that of neutral uni-univalent 
and unibivalent salts that it is hardly probable that any considerable 
quantity of an intermediate ion like BaOH* exists. In the case of sul- 
phuric acid, two sets of ratios separated by a dash are given in table 114; 
the first one is 100 times the ratio of the equivalent conductance (A) of 
the acid at the concentration in question to the sum of the equivalent 
conductances of the hydrogen and sulphate ions (Ah + Aso,), for which 
sum the values were given in tables 109 and 110; the second one is 100 
times the ratio of the equivalent conductance A to the sum of the equiva- 
lent conductances of the hydrogen and the hydrosulphate ion (Ah-|- Ahbo*), 
for which sum values equal to the A^ values for acetic acid were taken, 
it being assumed that the latter ion has the same equivalent conductance 
as the CjHjO," ion, whose molecule consists of nearly the same number 
of atoms. These two ratios represent the limits between which must 
lie the percentage of the total hydrogen of the acid which exists in the 
state of hydrogen-ion in the solution; for if the acid dissociated wholly 
into 8H' -\- SO,-, this percentage would have the first value, and, if wholly 
into H* and HSO,' the second value.t The value of the percentage ioni- 
zation would evidently be the same as the first value if the acid dissociated 
only in the first way, and twice the second value if it dissociated only in 
the second way. 

•Reference is here made to a research executed in this laboratory, but not yet 
published. 

tThis will be evident from the following considerations. The specific conductance 
L of the solution is given in the two cases by the expressions 

^^CHAH-|-2frs%Asai and l=CbAh + Cbs%Ab5o. 
where the large C's represent molal concentrations; or since Ch = 2Cscii in the first 
case and (7h = Cbsoi m the second, also by: 

l = Ch(Ah-(-A50i) and L=CH(Au-f Absoi) ; 
from which by substituting for l its value cA where c is the equivalent concentration 
of the acid, we obtain ; 

?5_ i— «,dfl_ 4 

C Ah + AsOi C Ah + Abso. 



db, Google 



s68 Conductivity of Aqueous Solutions. — Part VIII. 

Table 1H, — Condactonce-ratio too A/A, and aPProximaU peretntagt ioniiation 

MP to il8°. 



hbMuia. 


tti™ 


le. 


»=. 


scfi. 


JS°. 


100". 


128". 


1M°. 


ne. 


HNO. 






100.0 


lOO.O 


100.0 


100.0 


100.0 


100.0 


100 




0.5 


99.1 


99.0 


98.9 


98.7 


9A.6 


98.4 


98.2 






2.0 


98.4 


93.2 


98.0 


97.7 


97.6 


97.2 


96.7 


95 




10.0 


W.6 


98.4 


96.1 


95.8 


95.2 


94.5 


93.4 






12.5 


9S.4 


90.2 


05.8 


95.4 


94.8 


93.9 


92.8 






SO.O 


93.7 


93.4 


02.7 


91.0 


90.8 


S9.4 


87.6 






BO.O 


92.6 


92.2 


91.4 


90.2 


89.0 


87.5 


85.3 


75 




100.0 


91.8 


91.4 


90.5 


89.5 


88.2 


86.5 


84.0 




H.PO 


0.0 


100. 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 






0.2 


98.0 


97.5 


98.5 


95.0 


94.5 


91.0 


86.5 






2.0 


84.0 


83.0 


78.S 


73.5 


68.5 


00.5 


52.5 






10.0 


00.0 


59.0 


53.5 


47.5 


42.0 


3S.5 


29.4 






12.5 


56.S 


55.5 


50.0 


44.0 


39.0 


32.5 


27.0 






50.0 


3«.5 


35.0 


31.0 


20.5 


23.0 


19.0 


15.5 






80.0 


31.0 


30.0 


26.0 


22.5 


19.5 


16.0 


12.5 






100.0 


28.5 


27.5 


24.0 


80.5 


17.5 


14.5 


11.5 




H,80*.... 


0.0 


100.0 


100.0 


LOO.O 


100.0 


100.0 


100.0 


100.0 


100 




0.2 


9S-I0f 


98-lOE 


9S-10^ 


93-10; 


87-101 


78-91 


65-77 






0.5 


97-101 


97-lM 


94-101 


e8-ioc 


79-91 


67-79 


55-66 


39-50 




2.0 


92-102 


91-101 


85-95 


75-85 


64-74 


53-62 


46-55 


37-48 




10.0 


81-89 


79-87 


69-77 


58-66 


50-58 


44-52 


41-19 


35-46 




12.6 


79-87 


76-84 


66-74 


57-64 


49-56 


43-51 


40-48 


35-45 




SO.O 


66-73 


64-70 


55-61 


48-54 


43-50 


40-47 


33-46 


33-43 








60-68 


52-58 


46-52 


42-48 


39-46 


37-45 


32-42 




100.0 


81-67 


59-65 


51-57 


45-51 


41-48 


39-46 


37-44 


3S-U 


B«(OH)... 


0.0 
0.5 


lOD.O 
98 


100.0 
98 


100.0 


100.0 


100.0 


100.0 


100.0 






2.0 


97 


(98> 


92 




91 










10.0 


93 


92 


88 


80 


85 


87 


85 






12. S 


92 


01 


87 


8S 


S3 




83 






50.0 


88 


84 


79 


77 


74 


72 


70 






BO.O 


83 


81 


7S 


73 


70 


68 


65 






100.0 


"' 


80 


75 


72 


68 


66 


63 





Table m.—CondwIaiice-ratio loo A/A* and approximate 
pereentagt iomMOtion at 260' and 306'. 



liiM»«. 


^Xt 


astP. 


306". 


HNO^.... 






100 








84 




BO.O 




33 


HOI 






100 








94 




10.0 


89 


82 




BO.O 


76 


60 


H,80..... 






100 








31-60 




80.0 




23-37 



It has already been shown that the equivalent conductances of nitric 
acid and of barium hydroxide up to 156° and that of hydrochloric acid up 
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to 306° change with the concentration according to the same exponential 
law as does that of neutral salts, the value of the exponent n in the equation 
C(A|, — A) = K{C\)*, being in all cases approximately 1,5. It follows 
therefore that the same is true of the ionization (-y) of these substances, 
to which the corresponding equation C(l — y) =-K{Cy)' with « = 
1.S, approximately, applies. 

The change of ionization with the temperature of nitric acid up to 156° 
and of hydrochloric acid even up to 306* is also about the same magni- 
tude as that of neutral salts of the same ionic type, as may be seen best 
by comparing the values at 80 milli-normal in tables 114 and 115 and 
table 41, Part V, with those in table 28 (Part IV). Thus at 18* the 
ionization of potassium and sodium chlorides is S6.6 per cent, that of 
hydrochloric and nitric acids 93 pet cent, while at 156° the corresponding 
values are 80.5 per cent for the two salts and 86 per cent for the two acids. 
At 306° the ionization of the salts is 63 per cent and that of hydrochloric 
acid 60 per cent. The ionization of nitric acid, however, at 318° and above 
decreases much more rapidly than hydrochloric acid, and has fallen to 33 
per cent at 306". This marked difiference in the behavior of the two acids 
at the high temperatures is well shown by the conductance plot in fig. 18. 
The ionization of barium hydroxide decreases a little more rapidly than 
the average ionization of the two salts, barium nitrate and potassium sul- 
phate; thus at 0.08 normal that of the base is 83 per cent at 18° and 6S 
per cent at 156°, while that of the salts is 1i per cent at 18° and 60 per 
cent at 156°. 

It was shown in the last section that the exponent in the functional 
relation between equivalent conductance and concentration in the case of 
phosphoric acid has values (1.8 to 1.9) which approach much more nearly 
to the value (2.0) required by the mass-action law, but do not entirely 
conform to it, even at the higher temperatures where the ionization is com- 
paratively small. To show better what the order of magnitude of this 
deviation is, and to furnish a better basis of comparison of the ionization- 
tendency of this acid with that of other weaker acids, we have summarized 
in table 116 its ionization-constants calculated by the usual formula 
K = Cy'/(i — y), the concentration C being here expressed in formula- 
weights per liter, and the constants being multiplied by 10*. 





Tasle llfl 


—lonuation-constattlt for phosphoric 


acid. 




CMHMt*- 


t«l»il«,«»RUuXUM. 1 


ISO. , 


IS", 


Sffi. 


7S". 


inP. 


128". 


ae'. 


0.D12S 
0.050 
0.100 


9,200 
10,400 
11,400 


8,700 
9.400 
1(^400 


(1,300 
7,000 
7,800 


4,300 
4,800 
5,300 


3,100 
3,400 
3.700 


1,960 
2JS30 
2.4M 


1,250 
1,420 
1.490 
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The great effect of temperature in reducing the ionization of this acid 
will be apparent from an inspection of these constants or of the ionization 
values themselves given in table 114. 

The values given for sulphuric acid in tables 114 and 115 show the per- 
cent^e of the total hydrogen which exists as hydrc^en-ion under the two 
limiting assumptions that the acid dissociates on the one hand only into 
hydrc^en-ion and sulphate-ion and on the other only into hydrogen-ion 
and hydrosulphate-ion {HSO4"). It will be seen that the two limits do 
not differ greatly from each other, except at the highest tonperatures, 
and therefore that the uncertainty as to the hydri^en-ion concentration, 
which is really the most important datum relating to the acid, is not very 
lai^. It is evident that this hydrogen-ion concentration decreases rapidly 
with rising temperature ; for example, at 0.08 normal from about 66 per 
cent at 18° to about 45 per cent at 100° and about 30 per cent at 306*, if 
the mean values be taken. 

By this hydrogen-ion concentration, however, not much light is thrown 
on the extent to which the two stages in the dissociation take place. It 
might seem that additional information in regard to this could be derived 
from the transference determinations made at 11°, 23°, and 96° by Bein* 
and between 8' and 32° by Tower.f But calculation shows that the trans- 
ference numbers of the cathton calculated under the two limiting assump- 
tions of dissociation only into hydrc^n-ion and sulphate-ion and of disso- 
ciation only into hydrogen-ion and hydrosulphate-ion (HSO,-) do not 
differ from each other by much more than the possible experimental error 
or than the error arising from the uncertainty in the values to be assumed 
for the equivalent conductance of the separate ions-t The conclusion pre- 
viously drawn by one of us§ from Tower's transference data that sulphuric 
acid at 18° up to 0,2 normal does not contain an important quantity of 
hydrosulphate-ion is therefore not justified in consideration of the effect 
of the possible errors. 

Further light is thrown on the ionization relations of sulphuric acid 
through a consideration of those of potassium hydr<^;en sulphate. Con- 
clusions in regard to the hydrogen-ion concentration in solutions of this 
salt may be drawn from its molal conductance (A), provided we make 
certain approximate assumptions. For, designating by y„ y„ and y, the 

♦Z. phys. Chem., 27, 62 (1898), tJ. Am. Chem. Soc., 26, 10 (IWM). 

(Thus at 18° assuming Ah^319, AsOt=;e8, and Ahsoi^ 35, ihe two transference 
numbers for the cathion are 0.B22 and 0.800, while, if as concluded by Noyes & Kato 
(see section 116, Fart XI) Ah:=335 (foraO.OSnomialsolution]), the two transference 
numbers become 0.831 and 0.811. Tower found 0.823 and Bein 0.813 at 18*. The 
value of Ahsoi is also very uncertain. 

SA. A. Noyes, Z. phys. Chem.^53, 2.'>1 (1»05). 
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fraction of the salt which dissociates according to the three reactions 
KHSO. - K* -f HSOr, 
KHSO. = K* + H* + SOr, and 
2KHSO4 = 2K* + SO/ + H,SO, 
respectively,* it is evident that 

A=y,(AK + Ahbo,) +-)'3(Ak + AH + 2A8O4) +y*(AK + Aao.) 
or, putting y = yi + y, + y„ that 
A = y(AK + Ahbo,) -h'»(A.a + 2Abo. — Abbo*) + yt(AaOt — AHBO4). 
Now the two limiting values of y, are zero and y — y, (when y^ = o), 
whence it follows that 



V. < 



A — y(Ai[ + Ahbo,) 



(Ah + A«h) + (Abo| — Ahso*) 



-r and yj > -- 



-y(AE + Abo,) 
Ah + Abo* 



Limiting values of yj, the fraction dissociated into hydn^en-ion, can 
be calculated in this way from the data presented in this monc^raph with 
the help of the assumptions that the un-ionized fraction (1 — y) of the 
salt has the same value as in the case of other salts of the uni-univalent 
type at the same concentration and temperature, and that the equivalent 
conductance of the hydrosulphate-ion is the same as that of the acetate 
ion at the same temperature. Table 117 contains the results of these 
calculations f for four concentrations at 18°, 100°, and 166'. 

*The dissociation according to the reactions 2KHSO. = KjSO* + H*- + HSO,- and 
aKHSO. = K.SO. + 2H* + S0^ is neglected in this preliminanr calculation; but 
the KiSOi formed must be small in most cases owing to the small concentration of 
sulphate-ion. 

tThe data used are as follows : 





18". 


100". 


160°. 


Al + Aao 


m 
w 

S4 

382 
8<8 


156 
SST 
118 

sn 

m 


1)6 
1179 


Ak + ABM., 

Ah + A.o, 


Am- AUK,, 




4« 


10 

m 

0.M 


3 


0.W 


0,» 


10 


A - 




e 


4. 


100 

"S.8. 


GO 


100 

STB 

0.81 


0.8S 


lOU 

0.70 


' " 



The values of A are copied from table 108. Those of 1 are the mean ionizations 
for potassium and sodium chlorides as given tn table 12, Part II. 
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Tabu in.—PreKiHinary values of the percentage ratio (IOOTi) of kydrogen-ion 

eoncetitratioit to lolal hydrogen concentration in totutions of 

potoisium hydrogen sulphate. 





18°. 


100°. 1 IM". 


2 
10 
50 
100 


85-88 
67-69 
47-SO 
40-43 


39-« 
18-27 
4-13 
I-IO 


6-19 
0-10 
0- 3 
0-2 



These preliminary values are given here, because they are essential to 
the fuller discussion of the ionization-relations of sulphuric add and its 
acid salt. More accurate values of the hydrogen-ion concentration in solu- 
tions of this salt are derived below and will be found in table 119. 

It is seen from these results that at 18° the potassium hydrogen sulphate 
is in 0.002 molal solution almost completely dissociated into hydrc^en-ion 
and sulphate-ion ; but that in 0.1 molal solution this dissociation has taken 
place only to an extent of 43 per cent, the rest of the salt existing to an 
extent of 15 per cent as un-ionized KHSO, and to an extent of 43 per cent 
either as HSO*" or as H^SO, -|- SO,'. At 100' the hydrogen-ion concen- 
tration has become very much less at all three concentrations, and at 156' 
in the 0.1 molal solution it is scarcely appreciable. This justifies the con- 
clusion that sulphuric acid itself at 156° and above is at moderate dilutions 
dissociated only into hydrogen-ion and hydrosulphate-ion ; for the disso- 
ciation of the latter ion would of course be much less in the solution of the 
acid than of its acid salt, owing to the presence in the former of the hydro- 
gen-ion coming from the dissociation of the first equivalent of hydrogen. 
Since under these conditions sulphuric acid dissociates as a monobasic 
acid, it is of interest to compare its ionization with that of hydrochloric 
acid at the same molal concentration, say at 0.04 molal. The ionization of 
sulphuric acid may be obtained by doubling the second values given in 
tables 114 and 115, that of hydrochloric acid by interpolation between the 
values given for other concentrations in table 115 and in table 41, section 
56, Part V. The ionization values for the 0.04 molal acids are as follows : 





100°. 


156°. 

90 
90 


!1B°. 

86 
84 


306°. 

68 
74 


HCl 

H.H80,.... 


93 

•9a 



This shows that the two acids have at these temperatures not far from 
the same ionization-tendency (with reference in the case of sulphuric acid 
to the primary dissociation, that is, that of the first equivalent of hydro- 

*Thi9 value is donbtless a little too high because of slight secondary ionization. 



d by Google 



Section p/.^Ionisation of the Substances. 2^3 

gen) ; and it may reasonably be assumed that the same Js true at 18' and 
the intermediate temperatures. 

With the help of this principle, the secondary ionization of the sulphuric 
acid — that is, the ratio of the sulphate-ion concentration to the total sul- 
phuric acid concentration — can be calculated for the more dilute solu- 
tions and for the lower temperatures by means of the relation 

C ~C^ C 
where C represents the total molal concentration of the sulphuric acid, 
and the other symbols, the molal concentrations of the separate substances 
as indicated by the subscripts. This relation follows at once from a com- 
bination of the equatitMis, C =^ Cb,bo, + Chbo, + Cso, and Cm = Chso, + 
'i Ceot, the latter of which is an expression of the fact that hydrogen-ion is 
produced by the two chemical reactions H,SO, = H* + HSO/ and 
H,SO, = 3 H* + SO.=. 

We have first made a preliminary calculation of the ratio CbqJC by 
the above expression by using for Cn/C twice the mean of the pairs of 
values given in table 114 of the ratio of the hydrogen-ton concentration to 
the total hydrogen-concentration, and by taking for Chj8o,/C the values 
of the corresponding ratio for hydrochloric acid as derived from ionization 
data given in table 41, Part V. We have then on the basis of this result, 
which shows the approximate proportion of sulphate-ton and hydrosul- 
phate-ion in the solution, interpolated a more correct value of the hydro- 
gen-ion concentration between the two limiting values given in tables 114 
and 115, which, it will be remembered, were obtained under the two 
limiting assumptions that the acid dissociates CMily into H* and SO^"^ and 
that it dissociates only into H* and HSO/.* Then new, final values of 
the concentrations of the sulphate-ion and hydrosulphate-ion were obtained 
by repeating the calculation. 

The values derived through these considerations are all brought together 
in table 118. It will be understood, of course, that they are only rough 
approximations. The concentrations are milli-formula-weights per liter, 
in accordance with the formula represented by the subscripts. The symbol 
C represents the total concentration of the acid in milli-formula-weights 
of H^SOf per liter. But in calculating the values of the ionization-con- 
stant given in the last column, the concentrations are all expressed in 
formula-weights (not milli-formula-weights) per liter. 

'Designating theae two limiting values (multiplied by 8) by C^/C and C^/C, 
respectively, it can be readily shown by formulating the exact conductance equations 
that we get for Uje true value of Ch/C: 

C, Cb I Co. / c1'-Cb \ Cii 2C.O. /' cl-cl \ 
C C C V r" •''^ C C \ r' '■' 
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Table lis. — Tkt ionuation-relatioms of sulphuric add. 





Cgicdiln- 


iDDCi 


i«iCW.«. 


lOD CJMO, 


lOQ Cio. 


IVCa-Cto^ 




<!<>.. 


C 




C 


C 


C-.0. 


IB 


1 


185 




13 


86 


(12.000) 




5 


1«5 




31 


67 


18.000 




25 


137 




53 


42 


27,000 




SO 


127 




61 


33 


34,000 


100 




136 




60 




800 




9 


111 




80 


16 


1,100 




2S 


98 






5 






60 


95 




87 


4 


(2.2O0) 


ISO 


1 


100 




88 


9 


110 




5 


97 




93 


2 


lOO 




2S 


89 




93 


-2 






50 


88 


12 


88 







218 


1 
9 


96 




98 


-1 






40 


85 


M 


87 


(-1) 




300 


1 


97 


5 


(93) 


(2)» 






40 


70 


38 


(«) 


(2)» 





'Tliac Tlluet problWr mriie from experimcDdl error. 

We may next consider the ionization-relations of the potassium hydro- 
gen sulphate. It follows from the principle that the primary ionization 
of the sulphuric acid is the same as that of hydrochloric acid that the 
concentration of the un-ionized sulphuric acid is always so small in the 
solutions of the potassium hydrogen sulphate that the calculation of the 
hydrc^en-ion concentration made under the assumption that the former 
concentration (or y,) is zero is substantially correct, and therefore that the 
second or larger numbers given in table 117 are more nearly the true 
values for the hydrogen-ion concentration. In order to get fairly accurate 
values for the sulphate-ion and hydrosulphate-ion concentrations in solu- 
tions of the salt, it is, however, desirable to form an estimate of the concen- 
tration of the un-ionized sulphuric acid (HjSOi) and the un-ionized potas- 
sium sulphate (KjSOj). As the latter was entirely disregarded in the 
previous calculation, a more accurate value of the hydrogen-ion concentra- 
tion will also be thereby obtained. 

In deriving these final values we have proceeded as follows. We make 
the preliminary assumption that Cao, = Ca (taking for Ca/C the larger 
of tiie two values given in table 117), and that Chao, = Cy — CgOf 
Applying then the mass-action principle* that in a mixture of two sub- 
stances with a common ion the un-ionized fraction of each is the same as 

That this principle is also applicable to salts of these types, even though the 
change of their ionization with the concentration does not conform to the mass- 
action law, has been shown by Noyes (Z. phys, chem., 52, 634, 1905). 
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if it were alone present at such a concentration that its ions are at a con- 
centration equal to that of the common ion in the mixture, we determine 

the ratios -^- — ^'f' — and -p. ^^*= by reference to the ioniza- 

tKiBOf -f- Ceo* CSH304 -f- Cbso* 

lion values given in table 21, Part IV, and in table 13, Part II, for potas- 
sium sulphate and for potassium chloride, respectively, at the same concen- 
tration of the total potassium.* In a similar way we obtained the ratio 
CH»804/(Cej80« + Cbbo,) by determining from the data given in table 118 
the value of this ratio for sulphuric acid when present alone in a solution 
in which the hydrogen-ion concentration is the same as that in the solution 
of the acid-salt under consideration. From these ratios and the prelimi- 
nary values of Cgo, and Cbsou hnal values of Ck^so,, Ckhboi, ^id CitiBOt 
are calculated. From these Ck is also obtained by means of the equation 
Ck -|-Ckh80j -|- 8 Ck3«o, = C, where C is the molal concentration of the 
potassium hydrogen sulphate. It follows now from the two equations, 
Cn -\- CsBOt -+- CssaOt -\- 2 Chiso, ^ C 
and Csot + ChsOj -|- Ckbso, -|- Cbsso, -|- CkjbOi = C, 
that Caot = Ch -f- Cb,804 — CkjBOi 
and Chsoi = C — Ca — 2 ChjBOj — Ckhuoc 
We have then calculated final values of Ch by the following equation, 
which expresses the molal conductance A of the salt in terms of the 
equivalent conductances and molal concentrations of the separate ions, 
Ca = CkAs + CbAb + ChboiAhsoi + 2 CeojAso*- In this equation all the 
quantities except Ca are known or can be expressed in terms of Cb and 
known quantities with the help of the two preceding equations. The 
equation then becomes 



From the values of Ca/C so obtained we have finally calculated Caot/C 
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and CvaaJC by the two equations just referred to.* All the final values 
are brought together in table 119. The symbols represent the concentra- 
tions in milli-fomiula-weights per liter of the substance indicated by the 
subscripts, except that tn calculating the ionization-constants formula- 
weights instead of milli-formula-weights were used. 



Tabu 




t™- 


C»»i>- 


100 a 


100 Ch 


.«0C«. 


.OOCmw. 


IWC-^. 


100CK.W, 


ICOOCHM, 


10«O<.C», 


wrc. 


(C) 


c 


^ 














IS 


2 


M 


ss 


84 


11 








13,600 




Irt 


81 


74 


65 


2S 








19,000 




Ml 


TO 


57 


46 


33 




13 




37.000 




100 


03 


51 


38 


38 




IS 




Sl,O0O 


100 


a 


8« 


60 


4.1 


46 












10 


81 


31 


16 


60 












M 


■n 


17 


14 


65 






12 






100 


71 


14 


10 


65 






15 


2.160 


196 


2 


88 


2S 


19 


73 








116 




10 


86 


12 


11 


76 








174 




so 


79 


5 


4 


T8 






15 






100 


75 


3 


3 


72 








1 



An examination of the values of 100 CwiJC in tables 118 and 119 shows 
that the secondary ionization of the sulphuric acid into hydrogen-ion and 
sulphate-ion at 18° is fairly complete in 0.003 molal solution and that it is 
large, though far from complete, in 0,05 molal solution ; also that with 
rising temperature this secondary ionization decreases very fast and 
becomes scarcely appreciable in the stronger solutions at 156'. Although 
the values of the ionizatton-constant given in the last column of the tables 
vary considerably with the concentration — probably owing mainly to the 
tact that the ionization is so large and partly, especially at the higher tem- 
peratures, to experimental errors — yet the effect of temperature upon 

*In these calculations the following data, obtained from the three tables mentioned 
just above, were used, in addition to those given in the foot-note to table 117 and 
that table itself : 
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them is seen lo be extremely large ; thus at 0.01 molal concentration the 
constants are about 18 times as great at 18° as at 100°, and 8 times as 
great at lOO" as at 166'. 

The fair agreement at the same concentration and temperature of the 
constants derived from the conductance data for the acid and from those 
for the acid salt is also noteworthy ; for, in consideration of the different 
kinds of data and of approximate assumptions involved in the computa- 
tions, this agreement is evidence of the substantial correctness of the 
results. In this connection it may also be mentioned that our value (31 
per cent) for the hydrogen-ion concentration at 100° in a 0,01 molal 
solution of potassium hydrogen sulphate agrees almost completely with 
the value (31.5 per cent) found by Trevor* for 0.01 molal sodium hydro- 
gen sulphate from a study of its catalytic effect on the inversion of cane 
sugar. 

The heat of ionization of the hydrosulphate-ion can be estimated in two 
ways : first, from the change of its ionization-constant with the tempera- 
ture ; and second, from existing heatHsf-neutralization measurements com- 
bined with our ionizati(Hi values. Partly for the sake of a knowledge of 
this quantity itself, and partly because an agreement of the values obtained 
in the two ways would furnish further evidence of the correctness of the 
ionization values derived above, it seems worth while to describe these 
calculations and their results. 

By integrating the well-known equationf derived from the Second Law 

of Energetics — -^ — ~^7^ under the assumption that the intemal- 
energy-increase tiU attending the reaction is a linear function of the tem- 
perature as expressed by the equation At/ = AC/o + "^T', we obtain the 
expression : 

log -j^- a log -f^ =-^ KTrrJ 

By substituting in this the values of the ionization-constant K in one case 
at 100° and 18° and in another case at 156' and lOO'J two simultaneous 

•Z. phya. Chem., 10, 342 (1892). 

fThe application of this equation to a substance, likd hydrosulphate-ion, whose 
dissociation does not follow the mass-action law, can hardly give accurate results; 
but it seems probable that it will yield a roush a^roximation to the truth, at any 
rate in the case of a substance having an ionization intermediate between that of 
salts and that of weak adds, provided the values of K at the two temperatures be 
taken at Uie same concentration. 

tAs values of K at 100° and 18' we have used the means of the values derived 
from the daW for the 0.005 molal acid and tor the 0.01 molal acid-salt; namely, 
1220 X lO-* at 100", and 18600 X 10"* at 18° ; and as values of iC at 156° and 100 we 
have used the corresponding means at 0.001 and 0.002 molal; namely, llSXlO-» 
at IW, and 620 X 10-« at 100°. We have taken for R the round value 2 calones 
per degree. 
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equations were obtained, from which the values of Al/g and a in calories 
were calculated and found to be 14,170 and - 32.6, respectively. From 
these constants the value of At/ is found to be - 4,750 calories at 18' and 
-10,070 calories at 100*. These values represent the beat absorbed when 
the reaction HSO*" = H* + SO," takes place in the direction from left 
to right, the negative sign showing of course that heat is in reali^ evolved. 

To compute this same energy-change by the second method mentioned 
above, we used the thermochemical data of Thomsen* which show that, 
when at 18° one mol of NaOH dissolved in 100 mols of water is added 
to one mol of NaHSO, dissolved in 200 mo!s or 3600 grams of water, 
16,630 calories are evolved. Subtracting from this the mean value, 
13,770 calories, found by Wormannf at 18° for the heat of neutralization 
of nitric and hydrochloric acids by sodium and potassium hydroxides, we 
get 2860 calories, which represents approximately the heat evolved by 
the ionization of that quantity of HSO, which exists as ion and as un- 
ionized KHSO^ or H1SO4 in the acid sulphate solution employed, it being 
assumed that the small heat-effect attending the dissociation of the 
un-ionized KHSO, or H,SO, into HSO," and K* or H* is nearly com- 
pensated by the heat-effect attending the formation out of its ions of the 
new quantity of un-ionized K,SO, resulting after the neutralization. 
Now, the acid sulphate solution under consideration was about 0.28 
molal ; and our results recorded in table 119 show that a 0.05 molal solu- 
tion contains 41 per cent and a 0.1 molal solution 47 per cent of the salt 
in the three forms just mentioned. From these last data we may con- 
clude that the corresponding percentage in a 0.28 molal solution would 
almost certainly lie somewhere between 64 and 60. Assuming the mean 
value of 57 per cent, we obtain for the heat absorbed when one mol of 
hydrosulphate-ion dissociates at 18° -2,860/0.57 or -6,020 calories, a value 
which agrees with that (-4,760 calories) derived from the iomzation-con- 
stants fully as closely as could be expected, considering the character of 
the data involved. 

The ionization-constant of the hydrosulphate-ion is still so large at 
156° (115 X 10"') that neutral sulphates of strong bases would not be 
appreciably hydrolyzed at this temperature, even at a concentration of 
0.002 normal. To determine whether this is still the case at the higher 
temperature of 218° has an important bearing on the interpretation of 
the conductivity results obtained with potassium sulphate by Noyes and 
Melcher (section 44, Part IV). Assuming that the heat of ionization of 
hydrosulphate-ion continues to change with the temperature according 
to the linear equation derived from the ionization data at 18°, 100°, and 
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156°, its ioaization-constant can be calculated by the integrated equation 
given above. Such a calculation leads to a value of 12 X 10"* at 218° ; 
and from this and the ionization-constant of water determined by Sos- 
man (section 86, Part VII) the hydrolysis {CbboJCoch) of potassium sul- 
phate at 0.008 normal at 218° is found to be 0.04 per cent. Though these 
values are to be regarded only as rough estimates, yet they show that the 
hydrolysis of potassium sulphate is insignificant under these conditions. 
Finally it may be mentioned that this value of the ionization-constant 
would signify that in a 0.002 normal sulphuric acid solution at 218° the 
secondary ionization (Cso^/Chbo*) amounts to only 1.3 per cent. 

96. SUMMARY. 

In this article have been presented the results of conductance measure- 
ments with dilute solutions of nitric, sulphuric, and phosphoric acids, 
potassium hydrogen sulphate, and barium hydroxide at 35° or 28° inter- 
vals between 18° and 156°, and with solutions of nitric, hydrochloric, and 
sulphuric acids at 218°, 360°, and 306°. The final values will be found 
in tables 108 and 109, section 96. Some of these have been plotted in 
figure 18, on page 266. 

The general conclusions to be drawn from the results may be stated 
as follows: 

The equivalent conductance of completely ionized acids, which has 
already been shown by Noyes and Cooper to approach that of neutral 
salts up to 218° continues to do so up to at least 306°, where, for example, 
the ratio of that for hydrochloric acid to that for potassium chloride has 
become 1.27 (instead of 2.91 at 18' and 1.53 at 218°). 

The equivalent conductance (A), and therefore also the ionization (r), 
of hydrochloric acid, nitric acid, the barium hydroxide change with the 
concentration (C) according to the same empirical law, C(A, — A) ^ 
/t(C"A)" or C(l — y)=^(Cy)" with « approximately 1.5, as holds 
true in the case of salts. The ionization of all of them (see tables 114 
and 115, section 9?) decreases steadily with the temperature, and up to 
166° by about the same amount as with neutral salts of the same ionic 
type; the same is true of hydrochloric acid up to 306°, but the ionization 
of nitric acid between 218° and 306° decreases much more rapidly, so 
that it is only 33 per cent instead of about 60 per cent in 0.08 normal 
solution at 306*. 

Dilute nitric acid at 218° and 306° exhibited a somewhat remarkable 
chemical behavior, in that it sometimes underwent almost complete decom- 
position, apparently into nitrogen (or nitrous oxide), oxygen, and water, 
when this decomposition once got started through the presence of a minute 
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quantity of some impurity — a behavior analogous to that observed in the 
case of silver nitrate by Noyes and Melcher, 

Phosphoric acid, which is only moderately ionized, shows a behavior 
with respect to change with the concentration which is inteimediate 
between that of the largely ionized acids and salts and that required by the 
mass-action law, the value of the exponent n in the concentration function 
being 1.8-1.9. Its ionization decreases rapidly with rising temperature 
(in 0.1 normal solution from 28,5 per cent at 18' to 17.5 at 100° and 11.5 
at 166°) ; but this does not seem to be accompanied by a closer conformity 
to the mass-action law. Its ionization-constants calculated by that law 
(which vary considerably with the dilution) are at 0.1 normal 11,400 X 
10-» at 18°, 3,r0O X 10^ at 100*, and 1,490 X lO"* at 156', the values for 
acetic acid and for chloracetic acid at 25° being 18 X 10"' and 1,550 X 10"' 
as determined by Ostwald. 

The interpretation of the results obtained with sulphuric acid is com- 
plicated by the fact that the ionization doubtless takes place in two stages; 
but it has been shown that it is possible to determine the hydr(^en-ion 
concentration within fairly narrow limits from the conductance alone, 
without knowledge of the extent to which the separate stages occur. The 
ratio of the hydrogen-ion to the total hydrogen of the acid is thus found 
to vary in 0.08 normal solution from about 66 per cent at 18° to 48 at 
100° and 35 at SOe". Similar calculations of the hydrogen-ion concentra- 
tion have been made in the case of potassium hydrogen sulphate. These 
show that in 0.1 mola) solution at 156° the hydrogen-ion concentration is 
not more than 3 per cent; and this justifies the conclusion that the second- 
ary ionization of sulphuric acid (into hydrogen-ion and sulphate-ion) in 
its own moderately concentrated solutions is also insignificant at this tem- 
perature and higher temperatures. Interpreted with the help of this con- 
clusion, the conductivity data for the acid show that the primary disso- 
ciation (into h}'dr<^n-ion and hydrosulphate-ion ) is about the same as 
that of hydrochloric acid at temperatures between 100° and 306° ; and it 
is reasonable to suppose that the same is true at lower temperatures down 
to 18°. With the help of this principle the ionization of the hydrosulphate- 
ion at 18°, 100°, and 156° in the solutions both of the acid and acid salt 
has been computed ; the final results will be found in tables 118 and 11!*, 
in section !>7. This ionization is thus found to be large at 18° ; but it 
decreases very rapidly with the temperature. Thus in a 0.1 molal potas- 
sium hydrogen sulphate solution equal quantities of sulphate-ion and 
hydrosulphate-ion are present ; while at 100' there is only 15 per cent, and 
at 156°, 4 per cent, as much sulphate-ion as hydrosulphate-ion in the solu- 
tion. Only rough values of the ionization-constant of the hydrosulphate- 
ion into hydrogen-ion and sulphate-Ion can be given, since they vary very 
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much with the concentration: some idea of its mag^nitude is furnished by 
the following values which hold at about 0.01 molal (or O.OOS molal at 
156") ; 18,500 X 10" at 18°, 1.220 X lO"* at 100°, and 115 X lO'* at 156", 
whereas the ionization-constant for acetic acid at 18° is 18 X 10"*. From 
the change of the ionization-constant with the temperature, the heat 
absorbed (iU) by the reaction HSO," = H* + SO^^ has been found to be 
given by the expression: A[/=: 14,170 — 65 T, where T represents the 
absolute temperature. From this it follows that the value at 18° is -i,750 
calories and at 100°, - 10,070 calories, while from Thomsen's heat-of- 
neutralization measurements and our ionization data the value - 5,030 
calories is derived. 
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Part IX. 

Ionization of Water at 0°, 18°, and 25° Derived 

FROM Conductivity Measurements of the 

Hydrolysis of the Ammonium Salt 

OF Diketotetrahvdrothiazole. 

By C. W. Kanolt. 
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Part IX. 

IONIZATION OF WATER AT 0°, 18°, AND 25° DERIVED FROM 

CONDUCTIVin MEASUREMENTS OF THE HYDROLYSIS OF THE 

AMMONIUM SALT OF DIKETOTETRAHYDROTHIAZOLE. 

99. OUTLINE OF THE IhfVESTIGATlON. 

The degree of ionization of water at ordinary temperatures has been 
determined by a number of different methods — namely (1) from the 
hydrolysis of sodium acetate* as derived from the rate at which it 
saponifies an ester,t and from that of aniline acetatej: as derived from 
conductivity measurements § ; (2) from the rate of saponification of 
methyl acetate by water itself |[ ; (3) from the electromotive force of the 
alkali-acid hydrogen cellU ; and (4) from the conductivity of the purest 
water thus far obtained.** Although these entirely independent measure- 
ments have all given for the ionization of water values of the same order 
of magnitude and have thereby furnished one of the most striking evi- 
dences of the Ionic Theory, yet for none of the values so obtained can 
any considerable percentage accuracy be claimed. It has therefore seemed 
advisable to make a special study of this constant at ordinary temperatures 
by the same method that has been employed at higher temperatures by 
Noyes and Kate (see Part VI) and by Sosman (Part VII), that is, by 
measuring the increase in conductance produced by adding to a partially 
hydrolyzed salt of a weak acid and a weak base an excess of the acid 
or of the base, whereby the hydrolysis is reduced. 

In calculating from such data the ionization of water a knowledge 
of the ionization-constants of the acid and the base and of the degree of 
ionization of the salt is also necessary. 

The salt selected for this purpose must be sufficiently hydrolyzed to 
give rise to a marked change in the unhydrolyzed portion of it when the 
excess of acid or base is added. On the other hand, both the acid and 
base of the salt must be strong enough to permit their ionization-constants 
to be directly and accurately determined by conductivity measurements. 
An examination of the available substances previously investigated seemed 
to show that ammonium hydroxide was the most suitable base, and that 



♦An-hcnius, Z. phys, Chem.. 11, 822 (1893). 
tShields, ibid., 12, 184 (1893). 

iArrhenius, ibid., 5, IB (1B90) ; Bredig, ibid., 11, 829 (1893). 
gWalker, ibid, 4, BS4 (1889). 
nWijs, ibid., 11, 492 (1893). 

SOstwald, ibid., 11, 521 (1893); Nemst, ibid., 14, 155 (1894); Ldwenherz, ibid., 
20, 293 (1898). 
**KohIrausch and Heydweiller, ibid., 14, 830 (IBM). 
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diketotetrahydrothiazole was the most suitable acid. This acid has also 
been called dioxythiazole and mustard-oil acetic acid, and has, according to 

CO — CH,^ 
the investirattoQ of Hantzsch,* the stracturet I S. The base 

* NH — CO' 

has at 25' an ionization-constant of 18.1 X 10'' and the acid one of 
0.181 X 10^, and their salt a hydrolysis of about 4 per cent, as the meas- 
urements presented below show. This base is more easily obtained pure 
than any other base of similar strength ; and the acid can be readily pre- 
pared in quantity from thiourea and chloracetic acid. It is, however, so 
weak, that its salt is about ten times as much hydrolyzed as ammonium 
acetate (which is 0.4 per cent hydrolyzed at 25°) ; and yet it is strong 
enough to have a conductance which can be fairly accurately determined, 
though it lies near the limit in this respect. 

In detail, therefore, this investigation has consisted in the preparation 
and purification of the diketotetrahydrothiazole and the determination of 
its ionization by conductivity measurements at 0°, 18°, and 25° at various 
concentrations, in corresponding measurements with ammonium hydrox- 
ide, and in measurements at these three temperatures of the conduct- 
ance of the salt at 0.02 and 0.05 normal both in water alone and in the 
presence of about the equivalent amount and half the equivalent amount 
of the free acid and of the free base in separate experiments. In order 
to determine the conductance of the completely ionized acid and salt, 
measurements were also made with the latter at a concentration of 0.002 
normal. 

lOa PREPARATION OF THE SUBSTANCES AND SOLUTIONS. 
The diketotetrahydrothiazole was prepared as described by Volhardf 
by heating t(^ether thiourea and chloracetic acid in aqueous solution. 
The product was purified by a large number of crystallizations from 
methyl alcohol and from water. No boneblack was used. The crystalli- 
zation from water was continued until the sample was perfectly white 
and no further change in conductance was produced, as will be shown 
in section 102. The last crystallizations were made from conductivity water 
in platinum vessels, and the crystals were filtered out and dried at 100' 
in a platinum Gooch crucible in purified air. A portion of the product 
so dried was finely powdered and kept in a desiccator over sulphuric acid 
for several weeks ; it lost only a few hundredths of 1 per cent in weight, 
showing that it was dry. The melting-point of the purified sample was 
found to be 123.4*. 

*Ber. d diem. G«s., 20, 3129 (1867). 

tEven assuming that this substance exists in part in the desmotropic "enol" form, 
this would m»ke no difference in the values of the ionization of water derived from 
the study of its equilibria; for tlie concentrations of the two forms must be under 
all circumstances proportional to each other, 

tJ. prakt. Chem. (2) 9, e {i874). 
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The solutions of the acid were always prepared just before the con- 
ductance was measured by dissolving weighed portions of it in a known 
weight of conductivity water in a Jena flask. The solutions were pre- 
pared and transferred to the conductivity vessel in contact with only 
purified air. The water used for dissolving the acid, and in general 
throughout this investigation, had at 18° a specific conductance which 
always lay between 0.16 and 0.60 X 10'' reciprocal ohms. The solutions 
of the acid even when kept for several hours in the conductivity-vessel 
showed a change in conductance of not more than 0.1 per cent. 

The ammonium hydroxide solution used was an approximately 0.1 
normal one made by diluting with conductivity water a special sample 
of strong ammonia water (spec, grav., 0.90) furnished by the Baker & 
Adamson Chemical Co. and certified to be free from amines, carbonates, 
and silicates. The solution was titrated by running a slight excess of it 
directly into a known weight of standard hydrochloric acid, and running 
back to the end-point with hydrochloric add with the help of methyl 
orange. The solutions were all measured by weight, not by volume. 
The hydrochloric acid was itself standardized by precipitating a known 
weight of it with silver nitrate and weighing the silver chloride. The 
solution was kept in a two-liter "non-sol" bottle (furnished by Whitall, 
Tatum & Co,). To protect it from evaporation and contamination 
it was connected through another bottle of ammonium hydroxide solu- 
tion of the same strength with a long soda-time tube through which 
air was admitted when samples were withdrawn. The solution was trans- 
ferred through delivery tubes into the conductivity vessel or into a Jena 
flask in which it was diluted or mixed with the acid solution, in contact 
with only purified air. In order to use comparatively fresh solutions for 
the measurements, a new stock solution was prepared in the same way in 
the course of the experiments, so that the solution employed was never 
more than ten days old. Determinations of the alkaline strength showed 
that during this period the change in it was less than 0.1 per cent. 
The conductance of this solution was found to be substantially identical 
with that of one prepared from liquid ammonia by Mr. R. B. Sosman. 

The solutions of the salt, both alone and with an excess af acid or base, 
were prepared by introducing into a Jena flask provided with a perforated 
ground-glass stopper and filled with purified air a weighed quantity of the 
solid acid, and then introducing without opening the flask the proper 
quantity of conductivity water and of the stock ammonium hydroxide 
solution to produce as nearly as possible any desired round concentrations. 
These were in general attained within 0.1 or 0.2 per cent, but the exact 
concentration was always considered. 

The content by weight of the various solutions obtained as above 
described was reduced to volume concentration by means of the density 
of the solution, which in the case of the acid or salt solutions was calcu- 
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lated from the densities of the solid acid and of the water or ammonium 
hydroxide solution, under the assumption that no change in the total 
volume occurs on mixing.* The concentration given in the tables below 
is always that at the temperature of the measurement. 

The atomic weights used were those referred to oxygen as 16,00 as 
given in the report of the International Committee for ISOfi.f Ail weights 
were corrected for the bouyancy of the air. 

101. APPARATUS AND METHOD. 

The conductivity measurements were made 
with a slide-wire bridge by the usual Kohl- 
rausch method. The slide-wire was cali- 
brated and the resistance coils were com- 
irith each other. The conductivity vessel used 
; of pipette form devised by Mr. G. A. Abbott 
laboratory. It is shown in Fig. 19. It has 
intages that the solution can be introduced into 
tept in it entirely out of contact with the air, 
: electrodes are fully protected against change 
ion, and that the vessel can be entirely immersed 
thermostat. The capacity of the vessel was 
5 c.cm. ; and the vertical electrodes were about 
quare and 1.3 cm. apart. The electrodes were 
ipladnized in the measurements with the acid, 
> reduce contamination; but were platinized in 
.surements with the better-conducting base and 
he conductance-capacity of the vessel was deter- 
y measuring in it (when unplatinized) a freshly 
d 0.002136 normal or (when platinized) a 
u.uuvv normal solution of potassium chloride,;^ and 
*■ allowing for the conductance of the water employed. 

The vessel was immersed in well-stirred thermostats whose tempera- 
ture was kept constant within 0.01°. That at 0' was maintained by a 
mixture of water and finely crushed ice in lai^ proportion. The ther- 
mometers used were compared with the laboratory standard. 

*The density of the acid at 35° was found to be 1.673 by weighing a large excess 
of it in a pycnometer under its saturated solution. That there was in fact no appre- 
ciable volume-change on mixing was shown by direct measurements of the density 
of known solutions of the acid and of its salt. 

tSee J, Am. Chem. Soc, 28, 1 (1908). 

tThe actual conductances of these solutions in the vessel after allowing for the 
conductance of the water were 0.00I009S and 0,03SSA reciprocal ohms at 1S°, which 
correspond to conductance-capacities of 0.17881 and 0.17775, respectiTely, using 
Kohlrauscb and Maltby's equivalent-conductance values. The same value was 
obtained at the end of the measurenients as at the start. 
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The final brieve reading was not recorded until it had become con- 
stant, which it did in 16 - 30 minutes. It then remained constant, even 
over night, in almost all cases ; but with a few solutions containing the 
salt with an excess of ammonium hydroxide there was a slight prt^es- 
sive mcrease in conductance, for which a small correction (never more 
than 0.35 per cent) was applied, depending upon the time which had 
elapsed before the reading and upon the temperature to which the cell 
had been exposed. 

102, THE CONDUCTIVITY AND lONIZATlON-CXWSTANTS OF AMMONIUM 
HYDROXIDE AND DIKETOTETRAHYDROTHIAZOLE. 

Tables 130 and 131 contain the results of the conductance measure- 
ments with ammonium hydroxide and with diketotetrahycErothiazole. 
The first column gives the temperature; the second, the date; the third, 
the concentration in equivalents per liter of solution at the temperature 
of the measurement; the fourth, the conductance in reciprocal ohms as 
actually measured in the conductivity vessel, multiplied by 10*; the 
fifth, the same diminished by the conductance of the water; the sixth, 
the equivalent conductance (A) calculated by multiplying the values of 
the preceding column by the conductance-capacity (0.17861 for the acid 
and 0.17775 for the base) and dividing by the concentration given in 
the third column and by 10*; and the seventh, the ionizatton-constant (K) 

calculated by the expression K = ■ — ; r-r- and multiplied by 10". 

Ao(A, — A) 

The values of A, (the equivalent conductance for complete ionization) 

used in the calculation of the ionization-constant were derived as follows. 

That for the OH" ion at 18° was found to be 173.0 by subtractii^ Kohl- 

rausch's value* for flie sodium ion (43.55) from Noyes and Kato's value 

for sodium hydroxide (216.5, see Part VI). That for the NH\ ion at 

18° was found to be 65.4 by subtracting Kohlrausch's value for chloride 

ion (66.44) from Sosman's value for ammonium chloride (130.9, see 

Part VII). In this way the value for ammonium hydroxide was found 

to be 238.4 at 18°. Those for ammonium hydroxide at 0' and 25' were 

obtained from the corresponding equivalent conductances of the NH*4 

and OH" ions at 18° by means of the temperature-coefficients for the 

conductivities of these ions derived by Kohlrausch.f The values so 

obtained are Anh* = 39.3, Aoh = 117.7 and Ao(Nh,ob) = 157.0 at 0° ; and 

Anh4 = 76.9, AoH= 194.7 and A„NH,oH,= 270.6 at 25*. The A^, values 

for the acid at each temperature were obtained from those for its 

ammonium salt by subtracting the equivalent condtictance of the NII^ ion 

•Sitzungsber. preuss. Akad. der Wissensch., IBOl, 1036-1033. 

tibid., 1901, 10. These coefficients are : 

(ArnrO . = ( Amh.)„ [1 + 0.0223 {t — 18) + 0.000078 (t - 18)'] 
(Aon)i =-(Aoh)i. [l + 0.0179(t — 18) + 0.000006(1 — IS)"] 
(Ah). =(AM)t, [1 + 0.01M(t- 18)- 0.000035 lt-W>'] 
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derived as just described, and adding that of the H* ion. The A«- values 
for the ammonium salt were derived from direct conductance measure- 
ments which will be presented and discussed in section 103. For the 
equivalent omductance of the H* ion at 18° the value (316) derived 
from the measurements of Goodwin and Haskeii* upon very dilute acid 
solutions was adopted; while at 0* and 26" the values 224.3 and 348.6, 
respectively, were obtained from this one at 18' by means of Kohlrausch's 
temperature-coefficients just referred to. 

Table 120. — EiptivaleHl conductauct and ionitation-coiutant of 
diktloletrahydrotkiasote. 



T«Hf 


Dm. 


El's, 

llui. 


Ctmittu 


CHlKttJ. 


~r' 


■3:r 


Muanlui. 




1906 

















Uar 24 


. 0.2503 


185. S 


184.5 


0.1316 


0.0710 






Maj 31 


. 0.1251 


131.0 


129.7 


0.1852 


0.0703 






May es 


. 0.12S1 


132.3 


131.2 


0.1873 


0.0720 








May 22 


. 0.0SS6 


92.9 


01.8 


0.2613 


0.0701 




0.0711 




lune 1 


. 0.2503 


185.7 


184.7 


0.1318 


0.0713 






Tane 2 


. 0.2503 


187.1 


186.1 


0.1328 


0.0723 








May 30 


. 0.1251 


130.6 


128.9 


0.1840 


0.0694 


0.0713 




Jnae S 


. 0.062« 


»4.0 


93.2 


0.3650 


0.0723 




18 


May 24 


0.2500 


373.5 


370.1 


0.3644 


0.1436 






May 21 


. 0.12SO 


266.1 


363.9 


0.3770 


0.1460 


0.14631 




May 29 


0.1250 


268.0 


2«6.2 


0.3803 


0.1487 




May 22 


0.0625 


189.5 


187.2 


0.5340 


0.1471 


0.1459 




Tune 1 


. 0.2500 


371.5 


369.0 


0.2643 


0.1433 






Inne 2 


0.2500 


373.3 


371.8 


0.2654 


0.1447 


0.1455 J 




May 30 


0.1250 


264.8 


261. S 


0.3740 


0.1437 




Jane 9 


. 0.0625 


190.8 


189.3 


0.5410 


0.1504 




za 


May 24 


0.2406 


463.7 


460.7 


0.3297 


0.1780 






May 21 


0.1248 


330.5 


328.0 


0.4693 


0.1804 






May 25 


0.1248 


333.1 


331.0 


0.4737 


0.1838 








May 22 


. 0.0624 


237. S 


234.B 


0.6719 


0.1850 




0.1814 




Juae 1 


. 0.2496 


462.6 


460.7 


0.3297 


0.1780 






Tone 2 


0.2406 


462.6 


460.6 


0.3396 


0.1770 








May 30 


. 0.1248 


331. S 


328.1 


0.4701 


0.1810 


0.1811 1 




Jane 5 


. 0.0624 


238.3 


336.6 


0.6772 


0.1876 


1 



Table 121.— Equivalent eonducloHce of iottiaalioH-coHstaHt of ammonium hydroxide. 



T«»t.- 


Di». 


■qaln- 

IlMI. 




Witt. 
4(C»iic(, 


".m X m°" 1 


OkHtnl. 


Camttti. 


a*»»M< 


Mhb 




18 

25 


1906 
July 82.. 
Jnly 24.. 
Joly 22.. 
July 34.. 
July 22.. 
Jaly 24.. 


0.09569 
0.04540 
0.09567 
0.04534 
0.09542 
0.04527 


1,015 
696 
1.709 
1.171 
1.989 
1,363 


1,014 
605 
1,708 
1.170 
1.9S8 
1,363 


1.SS4 
3.723 
3.177 
4.S84 
3.703 
5.436 


13.95 
13.88 
17.21 
17.09 
18.11 
18.02 


13.91 
17.13 
18.06 



•Phys. Rev., 19, 386 (1904). 
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The measurements of May 30 to June 5, ^ven in table 120, were made 
with a sample of the acid obtained by recrystallizing three times from 
conductivity water with the usual precautions the material used in these 
measurements of May 31 - 26. The agreement of the results with the 
two samples shows that the material underwent no change in the three 
crystallizations. Ostwald* obtained the value 0.24 X 10^ for the con- 
stant at 25° without using special precautions. 

Sosman (see Part VII) with solutions prepared both from liquid 
ammonia and from the pure ammonia water, obtained for the constant 
of ammonium hydroxide at 18", as the mean of a large number of deter- 
minations at concentrations from 0.01 to 0.1, the value 17.15 X 10"', 
which is identical with that given in table 131. He obtained the value 
17.9 X 16"* as the means of two determinations at 25°. This value agrees 
closely with the value 18.06 X 10'' here presented. Earlier investigatorsf 
obtained considerably hig^her results, partly owing to the incomplete 
elimination of impurities and to the use of other values of the equivalent 
conductance for complete ionization. 

The results given in the tables show that the constants of the two sub- 
stances do not vary considerably with the concentration. Sosman, using 
a much greater range of concentration, also found that the variation of 
the constant for ammonium hydroxide at 18° was very small. 

It will be observed that with rising temperature the ionization of the 
acid increases very rapidly, and that that of the ammonium hydroxide also 
increases, but to a much smaller extent. 

No reliable estimate of the accuracy of these constants can be made. 
It seems, however, not improbable that the equivalent-conductance values 
for the acid may be too high by one per cent, owing to the effect of 
in^urities; and also that its equivalent-conductance values for complete 
ionization may be in error by one per cent at 18° and 25*, and by even 
2-3 per cent at 0°. Under these assumptions the error in its ionization- 
constant may be 3-4 per cent at 18° and 26°, and 6-7 per cent at 0°. In 
the case of ammonium hydroxide, although the values of the equivalent 
conductance at the higher concentrations are probably somewhat more 
exact than those for the acid, yet there is an even greater uncertainty tn 
the values for complete ionization, so that the ionization-constants are 
probably of the same order of accuracy. 

*Z. physik. Chan., 3, 181 (1889). 

tBredig, Z. physik. Chem., 13, 294 (1894). Davidson, Ber. d. chem. Ges., 31, 1012 
(189S). Hanlzsch and Sebaldt, Z. physik. Chem., SO, 206 (ISgO). 
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103. CONDUCTIVITY AND HYDROLYSIS OF THE AMMONIUM SALT OF 
DIKETOTETRAHYDROTHIAZOLE. 

The data relating to the conductivity of the pure ammonium salt are 
presented in table 133, which is arranged like tables 130 and 131 except 
that the specific conductance is given in addition to the equivalent con- 
ductance. 

Table 123. — Conductance of the ammonium salt of 
diketoletrahydro Ihiiuole. 



TM.P..- 


Dhc. 


....J... 






fi-S,-- 






""*■ 




PM llUt. 


*"»™*- 


OHHtU*. 


umXIW 


llltUBH. 




1»06 















Jnly 28.. 


0.05005 


14,424 


14,423 


2,563.6 


51.28 




July 29.. 


0.04997 


14,401 


14.400 


2,559.4 


51.28 




Jnl7 12.. 


0.020047 


6,016 


6,013 


1,008.8 


53.32 




Jal7 14.. 


0.020036 


6,016 


6,014 


1,069.3 


53.37 




Ang. 3.. 


0.002143 


«86.5 


685.2 


121.8 


56.82 


18 


July 28.. 


0.04999 


22,895 


22,893 


4.069 


81.40 




Jnly 89.. 


0.04991 


22,888 


22,888 


4.057 


81.30 




July 12.. 


0.020021 


9,S«a 


9,563 


1.700.0 


84.91 




July 14.. 


0.020010 


9,562 


9,559 


1.699.1 


84.91 




Aug 3.. 


0.002141 


1,092.2 


1,090.0 


193.7 


90.50 


25 


July 28.. 


0.04992 


20,408 


20,406 


4,694 


94.03 




July 29.. 


0.04983 


26,355 


26,353 


4,684 


94.00 




July 12.. 


0.019992 


11,044 


11,041 


1,962.6 


98.17 




July 14.. 


0.019979 


11,033 


11,030 


1,960.0 


98.16 




Aug. 3.. 


0.00213T 


1,265.6 


1.263.0 


834.5 


105.04 



It will be seen that the values of the equivalent conductance at about 
the same concentration, which were determined with solutions made up 
separately from the solid acid and die stock ammonium hydroxide solu- 
tion, agree in every case within about 0.1 per cent. 

For the purpose of facilitating the subsequent calculation of the hydrol- 
ysis, the specific conductance l has been expressed as a concentra- 
tion-function of the form C =: OL +;9lI which corresponds to the van't 
Hoff function (CA)* = KC{&.^ — A), which is known to express approx- 
imately the variation of the equivalent conductance A with the concentra- 
tion C in the case of neutral salts. As this equation is to be used only 
for interpolation for a small distance from the values from which it is 
derived, any possible inaccuracy in the assumed form of the function could 
not introduce a significant error. Using the conductance values at 0.03 
and 0.05 normal as the basts, the corresponding numerical equations are : 

C = 17.330 L + 43.34 Ll at O' 
C = 10.838 J, + 82.95 U at 18' 
C= 9.373 1,-1-18.46^ at2S' 
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Section ioj.-~HydroIysts of the Ammonium Salt. 293 

Table 1S3 contains the data for the ammonium salt in the presence of 
an excess of the free acid or base. The first five columns are self-ex- 
planatory. 

The sixth column contains the uncorrected specific conductance X 10* 
of the solution in reciprocal ohms obtained by multiplying the observed 
conductance by the conductance-capacity and by 10*. 

The seventh column contains the corresponding specific conductance 
corrected by subtracting that of the water and in some cases the small 
estimated increase due to prc^essive contamination during the period of 
the measurement (see section 101). 

The eighth column headed "Salt in solution" contains the same values 
after correcting them for the specific conductance of the ionized ammo- 
nium hydroxide, when this was present in excess. {The conductance 
due to the ionized acid when it was in excess was entirely inappreciable.) 
This conductance (lb) was computed by the equations : 

/~ KuCvHi OH KsCb J , 1 „. ^ / . , . \ 

CoH= — p— * = ^ ; and Lb = 10* CoH (Ahh + Aoh) 

CKBi Cy - 

in which Kb is the ionization-constant for ammonium hydroxide, Cb the 

excess of it present, and C is the concentration of the salt and y its degree 

of ionization. 

The ninth column gives the concentration (C,) at which the salt in 
water alone has the same specific conductance as that (given in the eighth 
column) of the salt in the presence of the acid or base; this concentration 
C« was calculated by the empirical relations between C and l given on the 
preceding page. 

The last column contains the values of the percentage hydrolysis 
(lOO/io) of the salt in water alone at the concentraticHi C,. These values 
have been computed by means of the equation : 

A -^ C,-C Cb-(C, — C) 

' C, Cb — 2(C„ — C) 

in which C represents the concentration of the salt in the mixture and Cb 

that of the added base (or acid). This equation results from combination 

of the two equations : 

C,(l— A,) = C(1 — A) 
iCXy-ChiCh + Cn) 
in which A represents the hydrolysis of the salt in the presence of the 
excess of base (or acid). The first of these, which states that the con- 
centration of the unhydrolyzed portion (which is equal to the sum of 
the concentrations of the ions and the un-ionized salt) is the same in the 
two cases, is a consequence of the definition of C«. The second of these 
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equations is the expression of the mass-action requirement that the 
product of the concentrations of the free acid and base be the same when 
the ion-concentrations are the same. 



Table lS3.—Coti<iuctanct of the tall with a 


»««« 


of acid or bate and Us hydrolytis. 






Ulll)^ 


[••klurHlim. 




Cmctgltr 


Permit- 


»cn^ 


Dwc. 






Mittoc. 


tehh 


ilp.<C,^ 


:& 








nn. 




tell. 


AeU. 


But. 


Obmnti. 


Catntut. 




-■OriU-c. 


llOMo) 




1906 





















Inlr 10. 


so.oes 




10.0s 


1.099.8 


1,096.8 


1.005.5 


20.555 


2.71 




laly 11. 


ao.oes 




10.78 


1,100.6 


1.098.4 


1,006.0 


20.562 


2.68 




TaJr IS. 


so.oas 


wIm 




1.100.5 


U00.3 


W00.3 


20.644 


8.87 




Inl7 W. 


20.068 


10.13 




i.oeo.e 


"•""•' 


1,099.5 


20.620 

Mean.. 


2.8S 


2.78 




July 20. 


SD.06 




24.60 


8,688.9 


2,621.7 


2,620.4 


B.d..... 
51.22 


0.09 


2.37 




Jolj 27. 


so. 06 




45.20 


8,838.7 


2,631.7 


2,629.8 


61.30 


•2.86 




Julj 30. 


50. lU 


'40!i4 




2,622.0 


2,622.6 


2,622.6 


51.27 


2.34 




July 31. 


50.10 


24.45 




2,«83.3 


2,623.0 


2,623.0 


51.27 
Mean.. 


2.40 


2.37 


















a. a..... 


0.02 


18 


Jnly 10. 


20.000 




10.03 


1,76S>4 


1,761.8 


1,758.8 


20.742 


3.S2 




July 11. 


20.000 




19.75 


1.787.6 


1,764.6 


1.760.1 


20.751 


3.76 




July 15. 


20.044 


ioIm 




1,767.4 


1,767.0 


1,767.0 


20.836 


3.95 




July W. 


20.044 


10.12 




1.766.4 


1,765.0 


1,765.0 


80.S81 

Heu.. 
a.d..... 


4.04 
3.80 




Inly 88. 


50.00 




24.57 


4,200.0 


4,104.1 


4,101.6 


51.63 


3.38 




July 87. 


50.00 




45.23 


4,216.3 


4,210.3 


4.80S.6 


51.80 


•3.61 




July 30. 


50.04 


'40! OS 




4,201.3 


4,200.0 


4,800.9 


51.74 


3.41 




Inly 31. 


50.04 


84.43 




4.105.9 


4,195.5 


4,195.5 


51.68 
Mean.. 


3.30 
3.80 


25 


jQly 10. 


10.068 




10.01 


8,042.2 


2,030.6 


2,036.6 


BJd..... 

20.784 


0.01 


4.25 




Inly 11. 


10.068 




19.73 


2.047.6 


2,045.4 


2,040.0 


30.818 


4.24 




July IS. 


80.013 


ioioi 




2,050.9 


2,050.4 


2,050.4 


80.081 


4. S3 




Inly 16. 


20.013 


10.10 




2,047.4 


2,046.8 


2,046.8 


20.884 
Mean.. 


4.58 


4.40 


















a-d..... 


0.15 




Inly 86. 


4B.92 




24.53 


4.873.9 


4,861.7 


4,858.7 


51.80 


S.04 




JttJy 87. 


40.93 




45.17 


4,894.7 


4,885.1 


4,870.4 


52.0e 


•4.22 




Inly 30. 


49.06 


'49.01 




4.866.4 


4.B65.9 


4,865.0 


51.88 


3.85 




Inly 31. 


40.06 


24.30 




4,859.9 


4,850.4 


.»... 


51.81 
Heaa.. 


3.86 


3.88 


















tLd.,... 


0.04 



It will be seen from the last column of table 123 that the values of 
a. d. (the average deviation of the separate hydrolysis values from the 
mean) are about 0.10 at 0° and 18°, and 0.15 at 26' for the more dilute 
salt solution. The deviations for the more concentrated salt solution 
are much less than these. It is to be remembered in this connection 
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Section 103. — Hydrolysis of the AmmoHtum Salt. 



S95 



that these hydrolysis values are derived from experiments in some of 
which an excess of acid, and in others of which an excess of base was 
present, and in which varying quantities of these were added, and that 
most constant errors would either have been eliminated in the difference 
in the measurements with the mixture and the pure salt, or would have 
shown themselves by producing opposite effects when the acid and base 
were in excess. 

Before calculating the hydrolysis-constant, it is necessary to deter- 
mine the ionization of the salt at the concentrations in question, and 
therefore to determine the equivalent conductance Ag for complete ioniza- 
tion. To do this the equivalent conductance of the unhydrolyzed part of 
the salt has been calculated at the three concentrations at which measure- 
ments were made by dividing the specific conductance as given in table 
183 by the concentration of the unhydrolyzed part C„(\ — Aj) ; and evi- 
dently it is to this concentration that the so-obtained values of the equiva- 
lent conductance refer. The values for A, used at 0.02 and O.Ofi normal 
were the means given in table 1S3. The value of \ used for the 
more dilute solution was calculated from these by the mass-action for- 
mula given below. From these three values of A the values of the three 
constants n, K, and Ao in the empirical equation, (AC)" ^= K{A^ — A)C, 
were computed. The ionization of the salt was then obtained by dividing 
the A-values by this value of Ag. 

Table 134 contains the so-derived values of the equivalent conductance 
and percentage ionization of the salt. The values of the exponent n 
were found to be 1.3B at 0', 1.39 at 18% and 1.36 at 25", thus of about 
the same magnitude as for ordinary salts. The ionization wilt also be 
seen to be about the same as that of other salts of the same icmic type. 

Table 12*.— EquivaUHl eonditctattee and ionvalian of the 
unhydrolyted a 



Ttmtti- 




■4ll*ll>l>[ 


P«»«<«. 


"'"■ 


Ml II"'- 


"^'.' 


Inlinki. 





0.0*875 


S2.S5 


84.5 




O.OIHO 


S4.81 


88.1 




0.002080 


58.5 


H.l 




0.00 


63.8 




18 


0.04816 


8*. 38 


85.0 




0.0192S 


88.22 


88.8 




0.0020SS 


M.3 


M.9 




0.00 


B9,3 




29 


0.0*788 


B8.03 


83.1 




0.01B13 


102.54 


87.0 




0.00S03S 


110.1 


93.* 




0.00 


117. B 
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From the values of the hydrolysis and ionization given in tables 123 
and 124, the hydrolysis-constant /lh (equal to \l^~^ ) can be readily 
K 



calculated by the mass-action relation - 



= Kn, in which h„ 



(i-*.)y 

represents the hydrolysis of the salt in water alone at any concen- 
tration C„ y is the fraction of the unhydrolyzed salt Co (1 — h^) which 
exists as ions, and /lw, ^a and /lb are the ionization-constants for 
water, the acid, and the base, respectively. This equation is readily 
derived by combining the three simple mass-action equations, ChCoh =Xv, 
Ch Ca ^ KaCba, and Cb Cob ^ KbCbob, substituting for Cb and Ca the 
expression Co(l — hn)y and for Cha and Cboh the expression CJie, and 
taking the square root. The values of the hydrolysis constant K^ thus 
calculated are given in table 125. The values at the two concentrations 
will be seen to dil^er by from 12 to 9 per cent. As those at the higher 
concentration are influenced to a less extent by impurities and contami- 
nation, a double weight has been assigned to them in deriving the final 
mean values. It is not improbable that these values are still too high; 
but it is unlikely fliat the error exceeds 6 per cent. 



Table m.—The hydrolytis-constant for the 



Mil. 



■NK. 


Eqiln- 

mata 


H,.™.„«o.«..u 1 


TllH). 


Mob 




IS 
25 


0.05 

o.oe 

0.05 
0.02 
0.05 
0.02 


0.0287 
0.0324 
0.0413 
0.0496 
0.0480 
0.0529 


J 0.0299 
} 0.0487 
} 0.0500 



104. THE IONIZATION OF WATER. 
The ionization-constants of water {Kv = CbCob) can be calculated 
from the hydrolysis-constants given in table 125, and the tonization- 
constants of the acid and base given in section 102. Table 126 contains 
the values of this constant for water, and also those of its square-root, 
which last represent the concentration of the hydrogen and hydroxide 
ion in pure water (in equivalents per liter). 

Table 126. — The ionixatton-constaiit of water and the 
hydrogen or hydroxide-ton concentralion. 



Tn.p,r- 




(jK,-c„>c„)xio'. 



IS 
25 


0.039 
0.46 
0.S2 


0.30 
0.68 
0.01 
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Section 104. — lonisation of Water. z^j 

To compare these results with those previously obtained the various 
values for the hydrogen-ion or hydroxide-ion concentration in pure water 
have been brought together in table 127. 



water 


Resttitt of various invesltgatori* 








0°. 


ia°. 


25°. 


AriiieDltiB 


HydrolTBlB ta sodium 






1.1 
1.3 

1.19 

1.06 
0.91 


Catalyria of ester by 






Nerast 

Loweaberz .... 

Kotilranscb & 
Herdweiller.. 


BlectromoUve force of 




0.8 


BlectromotlTe force of 




Oondactance of pare 


0.38 
0.30 


O.SO 
0.68 









Tot teferCDca to their ■rticle* kc KCtioo M. 

It will be seen that the new values are uniformly lower flian those of 
Kohlrausch and Heydweiller, but only by from 16 to 20 per cent This 
approximate agreement is of interest not only in indicating the absence 
of any considerable error in the values of Kohlrausch and Heydweiller, 
in spite of the somewhat uncertain correction that had to be applied 
for the impurities in the water ; but also in proving that the ionization of 
water is nearly, if not quite, the same when pure, as it is when an ionized 
salt is present in it at a concentration of 0.02 to 0.06 normal. 

As the most probable values of the hydrogen-ion concentration in pure 
water it would seem best to adopt for the present the lower ones derived 
above ; for, although it is not impossible that these are in error by as much 
as 10 per cent, yet it is reasonably certain that the error lies in such 
a direction as to produce too high rather than too low results. This will 
be evident when it is considered that the effect of impurities in the water 
or the solutes would be to give rise not only to too high values for the 
ionization-constants of the acid and base, but also, by combining with the 
excess of either of them added in the hydrolysis experiments, to give too 
great an increase in the conductance and therefore too great a value for 
the hydrolysis. 

It will be seen from table 126 that the hydrogen-ion concentration 
increases with great rapidity with the temperature, being three times as 
great at 25° as at 0*. It is of interest to calculate from this increase the 
heat of ionization of water, and to compare its value with that obtained 
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for the heat of neutralization of strong acids and bases. The calculation 
has been made for the two temperature-intervals by the equation 

log. ^-^ r.r, 

where iC, and K^ represent the ionization-constants of water at T, and Tj, 
R is the gas-constant {1.986 cal per degree), and Q is the heat of ioniza- 
tion of one mol of water. The value of Q is thus found to be 14,500 
calories at 9°, and 14,800 calories at 21.5°. The mean value of the heats 
of neutralization of potassium and sodium hydroxides by hydrochloric 
and nitric acids as recently determined by Wormann* is 14,240 calories 
at 9° and 13,590 calories at 21.5°. The agreement is a surprisingly close 
one, and shows that the ionization values at the three temperatures, if 
affected by errors, must be affected by them by the same percentage 
amount 

105. SUMMARY. 

In this article have been presented the results of measurements of the 
conductivity at 0°, 18°, and 26° of ammonium hydroxide, diketotetrahy- 
drothiazole, and of the salt of this base and acid, both alone and in the 
presence of an excess of the base or acid. From these measurements have 
been calculated the ionization-constants of the base and acid, the hydrol- 
ysis and hydrolysis-constant of the salt, the ionization-constant of water 
and the concentration of the hydrogen-ion or hydroxide-ion in it. The final 
results may be summarized as follows : 



Ta^ci- 




'ViJT^.'' 


^^'u. '"^'^^'^"^ 


Wn... 



IS 

2fi 


13.91X10-* 0.0711X10-' 
17.16X10* 0.146 X10-* 
18.06X10-* 0.181 X10-* 


0.089 XW-" 
0.46 X10-" 
0.82 X10-" 


0. 30X10-' 
0. 68X10-' 
0.91 X 10-' 



The values for the hydrogen-ion concentration given in the last column 
are 16 to 20 per cent lower than those derived by Kohlrausch and Heyd- 
weiller from the conductivity of the purest water. From their varia- 
tion with the temperature the heat of ionization of water has been cal- 
culated, and found to be in close ^^eement with the directly measured 
heat of neutralization of strong acids and bases. 

*Dnid«'s Ann. Pliys-, 18, 703 (1»06>. 
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Part X. 

SOLUBILITY OF SILVER CHLORIDE, BROMIDE, AND SULPHO- 
CYANATE AT 100°. 

106. OUTLINE OF THE INVESTIGATION. 

The solubility of many difficultly soluble salts at room temperature has 
already been determined by several investigators* by means of measure- 
ments of the electrical conductivity of the saturated solutions. The exten- 
sion of such measurements to much higher temperatures is attended with 
the difficulties that open vessels can not be used owing to evaporation 
of the solvent, and that glass vessels are inadmissible owing to the con- 
tamination of the solution resulting from them. The platinum-lined 
bombs with quartz insulation recently constructed in this laboratory and 
described in Part II, enable, however, such measurements to be made with 
readiness and accuracy. One of these beii^ placed at my disposal by 
Professor Noyes, I took the opportunity of making a few solubility deter- 
minations at 100°, at which temperature the results have much practical 
interest, owing to the frequent use of boiling solutions in analytical and 
preparati<Mi work. Unfortunately the time available only permitted the 
investigation of three salts. The results obtained with these, though not 
so accurate as might have been secured if the bomb could have been 
rotated within the bath, as will be done in later investigations in this 
laboratory, seem, however, to deserve publication. 

107. DESCRIPTION OF THE EXPERIMENTS. 

The solubilify determinations were made in the same bomb that had 
been used just before by A. A. Noyes and Y. Kato (see Part VI), after 
certain repairs had been made in it. It was provided with an open 
cylindrical electrode of platinum-iridium. It was heated for the 100" 
measurements in the steam-jacketed xylene bath described in section 32, 
Part IV, The conductance-capacity was determined by measuring in 
the bomb at 18° the conductance of a 0.005 normal potassium chloride 
solution and was found to be 0.1490, which was nearly identical with 
an entirely independent result (0.1493) obtained about the same time by 
Mr. Kato. 
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Since the determinations of solubility were to be made by measuring 
the conductance of the saturated solution in the presence of an excess 
of solid salt, the question arose whether the latter would influence the 
conductance-capacity appreciably, as it might possibly do by settling 
out upon the cylindrical electrode or even by remaining in suspension. 
To answer this question, a 0.01 nonnal sodium chloride solution was 
measured in the bomb both at 18° and 100", first alone and then in the 
presence of 0.5 to 0.8 ccm. (measured moist) of solid silver chloride. 
The conductance of the dissolved portion of the latter salt can be shown 
by applying the principle of the common-ion effect to the solubility-value 
hereinafter presented (152 X 10'* mols per liter at 100°) to be only about 
1 XIO"' reciprocal ohms even at 100', and therefore to be negligible in 
comparison with the conductance of the sodium chloride. The specific 
conductances multiplied by 10* observed in these experiments are given 
in the following table. 



3,213 
! •3,214 
I •31218 



*Tbcw accond and tJ 



>bUiDed bf removing the 
o Ifae orisuul temperature, 



n the batb. abikloa 



These results show that the effect of the solid salt on the conductance 
certainly does not exceed 0.4 per cent and it is not improbable that the 
differences of this magnitude observed at 18' were due to temperature 
variations, which were not entirely excluded in these first experiments; 
for the differences at 99.8' where the temperature regulation was auto- 
matic seem to be scarcely appreciable. In any case the effect of the solid 
salt on the conductance-capacity is less than the other errors of the solu- 
bility determinaticms. 

The correction for the conductance of the water, which is important 
in such dilute solutions, was determined as follows, in order to avoid 
making a new measurement in the bomb at 100' with each new sample 
of water. Each of two separate samples was measured nearly simulta- 
neously at 46° in the glass apparatus with un-platinized electrodes which 
I had previously used for solubility experiments* and at 100' in the 
bomb itself after it had been thoroughly soaked out by heating with pure 
water at 100'. 

*Z. phys. Chem., 46, BO (1903). 
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Section 107. — Description of the Experiments. 
The observed specific conductances X 10* were as follows : 





AI IMF. 


A,*6°. 


.«i. 


Sample 1 

Samples 

Mean 


1.98 
2.46 




1.10 
1.87 


i.ao 

1.9S 

1.S8 



All other samples were measured only at 46° ; and their specific con- 
ductances in the bomb at 100' were calculated by multiplying the values 
so obtained by 1.9. The error involved in this method of computation, 
including that arising from unavoidable accidental contamination* from 
the air in filling the bomb, would rarely exceed 0.3 X 10* reciprocal ohms. 
The error that might arise from the gradual leaching out of conducting 
material from the bomb itself was practically eliminated, since the various 
salts were never Introduced into the bomb until it had been so thoroughly 
soaked out by heating to 100° with pure water that the conductivity 
increased by only 0.1 X lO'* reciprocal ohms on removing the bomb from 
the bath, shaking, and returning it. 

The silver chloride, bromide, and sulphocyanate, whose solubilities were 
determined, were prepared by adding with vigorous stirring a cold 0.1 
normal silver nitrate solution to a nearly equivalent quantity of 0.1 normal 
solution of sodium chloride or hydrochloric acid, potassium bromide, and 
ammonium sulphocyanate, respectively, which was heated to about 50°. 
The sodium chloride had been especially purified by precipitation in the 
usual manner with hydrochloric acid, but the chemically pure salts of 
trade were used in the other cases. The supernatant liquid was then 
immediately poured off, and the residue was washed for two weeks with 
hot water which was renewed several times each day. The salts were 
prepared and kept in a room illuminated only by red light. 

The solubility-determinations were made as follows. When the bomb 
was found to give off conducting material only within the above-men- 
tioned limit, from 0.6 to 0.8 com. of the moist silver salt was placed in 
it and washed three times with pure water ; then the bomb was filled up to 
within 5 to 8 mm. of the rim, taking every precaution to avoid contami- 
nation by impurities from the air, and it was finally closed. Only a few 
minutes later, during which time the glass vessel for measuring the con- 
ductance of the water at 46* was filled, the conductance of the contents of 
the bomb was measured at room temperature without shaking the bomb 
after it was closed. The bomb was then shaken violently to bring about 
a close contact between solid and liquid, and the conductance was again 
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measured. In most cases this was repeated till only a very sli^t increase 
of conductance was observed.* 

The bomb was then put into the xylene bath heated by steam. When 
the temperature of the bath had reached its former value, readings were 
taken every five minutes, and as soon as no appreciable change in the 
conductivity occurred, the conductivity was measured with three different 
resistances in the rheostat. The bomb was then taken out of the bath, 
shaken violently about 100 times, replaced, and readings taken after heat- 
ing for 40 to 60 minutes. 

Since at the end of these operations the specific conductance had 
increased by about 1 X lO**, the change was at first ascribed to incomplete 
saturation. If this were true, one would expect of course that upon 
repeated shakings and heatings these increases would become less and less. 
To test this view an experiment was made with silver chloride in which 
the observed conductances measured at 99.7° at the start, and after suc- 
cessive shakings and the stated periods of heating between each reading 
were as follows : 

Period of heating (min.) 62 125 H SS 

Specific conductance X 10* S9.73 60.47 62.73 M.S5 65.77 

Increase per hour 0.72 1.08 1.62 1.6B 

Considering in connection with these results the fact that even at room 
temperature the saturation occurs almost instantaneously, it seems very 
probable that these increases are not due, or are only in small part due, 
to incomplete saturation ; for if they were due to this, one would expect 
that the increase per hour would diminish instead of increasing. It is 
more protable that the effect is mainly due to a slight decomposition of 
the salt — perhaps a reduction by impurities in the water.f It might also 

'These data at the room temperature are not given in the table below, as they 
were not measured at any one temperature, their pun>ose beins mainly to serve as 
an indication of accidental contamination in any experiment. As a result of all the 
observations it was found that the increases after shaking were small in comparison 
with those taking place immediately after pouring in the water, showing that satura- 
tion is attained very rapidly. This ia illustrated by the following data. The conductance 
immediately after closing the bomb at room temperature (22.7°) was 2.754 ; and 
after shaking successively the number of times shovm by the figures in parendieses 
it was: (2) 2,922; (2) 2.966; (2) 2,982; (2) 2.985; (4) 3.004; (4) 3,002; (10> 
3.011; (10) 3.015; (100) 3,028; (100) 3,028- These numbers show, if we assume 
3,03 as the final value corresponding to that temperature and 1.00 to be the conduct- 
ance of the water, that 86 pec cent of the silver chloride goes into solution during 
the short period of pouring in the water and closing the bomb and 98 per cent after 
shaking the bomb 8 times. Whether the later increase of 2 per cent is a consequence 
of further solution of the salt or whether it is due to a rise of temperature brought 
about by the process of shaking is uncertain. 

tit was found in general on oringinp the contents of the bomb back to room tem- 
perature that the conductance had increased by an amount which was greater 
the longer the duration of the previous heating. In one case the conductance of 
the saturated solution at 29,1° before heating was 3,84X10-* reciprocal ohms, while 
upon returning to that temperature after heating for 60 minutes it had become 
4.16 X JO-". 
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conceivably arise from a gradual leaching out of soluble impurities, but 
this is disproved by experiments that will be described in the next section. 
The method of heating and shaking just described was used in experi- 
ments 1 to 6 (see table 129) with silver chloride and in all of those with 
silver sulphocyanate. A slightly different procedure was followed in 
some of the later experiments (6 to 9) with silver chloride and in those 
with silver bromide, in that the bomb was removed from the bath after 
the latter had reached about 99" and vigorously shaken before the first 
bridge-reading was taken ; after which it was, as before, removed from 
the bath, well shaken, returned to it, heated again for 30 to 60 minutes, 
and a new reading taken. Even in this case the agitation took place 
somewhat below 100°, since the bomb cooled off a little, while it was out 
of the bath ; but it is probable that enough fine particles remained in sus- 
pension to s«ure saturation in the subsequent period of heating. In the 
last two experiments with silver chloride (10 and 11) the bomb was not 
shaken before the first reading at 100', but was heated for an unusually 
long period of time (135 and 265 minutes, respectively) ; and afterwards 
the effect of rocking the bomb gently in the bath was tried. 

108. THE CONDUCTIVITY DATA. 

The following table contains the results of the measurements. The 
headings are for the most part self-explanatory. All the conductivity 
values are those of the specific conductance expressed in reciprocal ohms 
and multiplied by 10*. The conductance of the water at 100" was cal- 
culated, as stated above, from that at 46' by multiplying by 1.9. The 
headings "first value" and "second value" under "Specific conductance 
of solution at t*" will be understood from the description of the proce- 
dure in the last section; the "second value" was always that obtained 
by removing the bomb from the bath after the "first value" was observed, 
shaking it vigorously, and heating it again for a considerable period. In 
the last column the time in minutes that the bomb was heated in the 
100' bath before the reading for the "first value" was taken, is given 
under I, and the time between the "first" and "second values" is given 
under II. In the determinations with silver chloride the sample prepared 
iram silver nitrate and hydrochloric acid was used in experiments 4 and 
5, that from silver nitrate and sodium chloride in all the others. In 
experiments 6 to 9 the same porticMi of silver chloride was used, being 
treated successively with fresh portions of water, to see whether the 
apparent solubility would decrease owing to the leaching out at first of 
more soluble impurities. 
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Table tSO.^SpteXe conduclanet of saturattd sohttiont ntar too*. 
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109. FINAL CONDUCTANCE VALUES FOR THE SATURATED SOLUTIONS. 

Attention may be first called to the results with the two separate 
samples of silver chloride. That prepared with hydrochloric acid and 
used in experiments 4 and S gave the mean value 57.58 at 99.80* while 
the sample made from sodium chloride g:ave 58.28 at 100.13°. Reduced 
to a common temperature of 100' by means of the temperature-coefficient 
3.7 per cent per degree (see below) these values become 58.01 and 57.96, 
which are in close agreement. 

It may be next pointed out that the four experiments (6 - 9) made suc- 
cessively with the same portion of silver chloride do not show any pro- 
gressive decrease, the values being 58.19, 57.82, 58.58, 58.87, thus making 
it improbable that soluble impurities are enclosed within the solid salt 
and are gradually leaching out. 

It is also of some interest to compare the mean value from experiments 
1-5 with that from experiments 6-9, since in the latter, but not in the 
former, the bomb was shaken after the temperature of the bath had been 
nearly attained. These two mean values are 57.81 at 99.92', and 58.35 at 
100.20°, which when reduced to 100' become 57.98 and 57.98, respectively, 
thus confirming the conclusion that saturation was attained in both series. 

It will be seen that the variable errors give rise to an average deviation 
of the separate values from the mean conductivity of the salts of about 
0.3 X 10^ reciprocal ohms in all three cases. Far more serious, however, 
are probably tiie constant errors, which may arise from the failure to 
attain complete saturation in the "first values" at any rate, and from the 
contamination of the solution by the progressive decomposition of the 
salt. These two errors would a£Fect the results in opposite directions. It 
is, however, probable from what has been said above that the former 
source of error is insignificant in c<Hnparison with the latter. The best 
method of treatment seems to be, therefore, to apply a correction for the 
pn^resstve increase in conductance. Assuming that complete saturation 
was attained in the case of the first values i^ — l^, then the increase 
(Lj — tw) — (L| — t*) is wholly due to progressive contamination, and 
assuming further that it is proportional to the time, we may obtain a better 
value by subtracting from l, — Lw the product of this increase by the 
ratio of the first period of heating* to the seccmd period. In making 
this calculation, the mean increase per hour was first computed for each 
salt from all the experiments for which both "first" and "second values" 
are given in the table.t Correcting in this way the mean of the first 

'Decreased by ten minutes to allow for the time required to raise the bomb from 
20* to 100'. 

fThis was found to be 0.96 for AgCl, O.M for AgSCN, and 0.80 for AgBr. per 
hour. Compare the values given in foot notes 1, 4, and 5 to table 139. 
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values in the table we get the following final results, which have also 
been corrected to 100' with the help of the van't Hoff equation* and the 
temperature-coefficient of the conductivity of silver nitrate-f 

Table 130.— Specie conductanct of ike talu- 
rated totutions at loo'. 



..,. 


»>4acl»ce 




M.7 
13.0 
7.4 




tkBi". v." '.'.'.".'.'.".' 





It seems very improbable that the errors from any source in these final 
values exceed half the differences between them and the "first values" 
directly observed. Under this assumption the possible percentage errors 
are 1.3 for the chloride, 3.9 for the sulphocyanate, and 1.0 for the bromide. 

110. THE SOLUBttJTY VALUES. 

To derive the solubility (in equivalents per cubic centimeter) from 
these conductance values, it is necessary to divide them by the equivalent 
conductance (A^) of the salt at zero concentration and at 100'. The A, 
value for silver nitrate at 100" has already been determined to be 367 by 
Mr. A. C. Melcher ;,and since those for the three silver salts in question 
are known to differ from this by only 3 to V/t per cent at W'X, and 
the differences between the mobilities of various ions become less with 
rising temperature, no error of importance will be made by assuming 
the Ao-values for the three salts to differ from that for the nitrate at 100* 
by halt the percentage amount by which they differ from it at 30*. The 
Ag-values at 100° calculated under this assumption are 373 for AgO, 359 
for AgSCN, and 375 for AgBr. 

The solubility values at 100* computed in this way and expressed in 
milligrams and in equivalents per liter are given in the following table, 
For comparison the values previously found at 30" and the ratio of the 

^ dS/S L 
at'~ 2RT'' *'hcre S is the solubility and L the molal heat of solution, whose 

values are cited in the next section, —ijr is thus found to be at 100" 2.8 per cent for 

AkCI, 4.0 per cent for AgSCN, and 3.8 per cent for AgBr. 

tThis temperature-coeffidcnt has been found by Mr. A, C. Melcher to be 0.88 
per cent at 100°. Combining this with the temperature -coefficient of the solubility, 
we get for the temperature-coefficient of the conductance of the saturated solutions 
3.7 per cent for AgCl, 4.9 per cent for AgSCN, and 4.6 per cent for AgBr. 

tSee Bottger, Zstchr. phys. Chent, «, 59« (1903). The values a "" 

* " "'" ' ■ -civs-' ' ' " ■-■-■■ ■ 



respectively. 



- 4.8 per cent. 
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solubility at 100* {S^^) to that at 20° (S,,) are given in parallel columns. 
The percentage errors in these 100' solubility values are of the same mag- 
nitude as those in the 100° values of the specific conductances. (See end 
of section 109.) 

Table til.— Solubility of jik/tr chloride, tutpho- 
cyanale, and bromide. 
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The increase of solubility with the temperature is much less in the case 
of silver chloride than of the other two salts. It is of some interest to 
apply to these results the integrated form of the van't HoflE equation : 
S, _ J^ T,~T, 
' 2R TJ-^ 



log. 



Since there are undoubtedly considerable errors in the very small solu- 
bility at 80° of the sulphocyanate and bromide, the best method is to use 
the formula in calculating this solubility (5i) from that at 100* {S^) 
with the help of the heat of solution (L). The values of the heat of pre- 
cipitation as determined by Thomsen* at about 18' by metathesis, which 
are equal to the heat L absorbed by the dissolving of one equivalent, are 
15,850 cal. for AgQ. 32,400 cal. for AgSCN, and 20,100 cal. for AgBr. 
The so calculated values of the solubility X 10'' at 20' are: 8.1 for AgCl, 
0.63 for AgSCN, and 0.47 for AgBr. The agreement with the observed 
values is as good as could be expected in the case of the last two salts, 
but is not very satisfactory in the case of silver chloride. It is possible, 
of course, that the assumption involved in the integration that the heat 
of solution remains constant through so wide a temperature-interval is 
attended with considerable error. 

Attention may also be called to the relatively large solubility of silver 
chloride at 100°, which amounts to 21.8 milligrams per liter. This shows 
clearly that the statement made in several text-books on quantitative 
analysisf that this substance may be washed with hot water is a mis- 
leading one. 

•See OstwaM's Lehrbuch, 11, 1, 335, 430. 

fClassen, Ausgewahlte Methoden der analytjschen Chemie, 1, 2; Fresenjus, Anleit- 
iine zur quant, chem. Analyse (6te Aufl.) 1, 398-299; Jannasch, Praktischer LeJt- 
faden der Gewichtsanatyse, 1, 10. 
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Part XI. 

The Equivalent Conductance of the Hydrogen-Ion 
Derived from Transference Experi- 
ments WITH Nitric Acid. 

By Arthur A. Novis and Yogoro Kato. 
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Part XI. 

THE EQUIVALENT CONDUCTANCE OF HYDROGEN-ION DERIVED FROM 
TRANSFERENCE EXPERIfllENTS WITH NITRIC AQD. 



til. OUTLINE OF THE INVESTIGATION. 

In an article published four years ago by A. A. Noyes and G. V. 
Sanimet* there were described some transference determinations made 
wi* A, A and ^ normal hydrochloric acid at 10°, 20°, and 30°, which 
when combined with the equivalent conductance of chloride-ton (using 
the value of Kohlrausch) yielded for hydrogen-ion a much higher equiva- 
lent conductance than that which had been derived from the conductivity 
of acids at high dilutions. Thus the value for hydrt^en-ion at 18' derived 
from the transference experiments was 330, while that of Kohlrausch 
derived from conductivity was 318. This serious divergence appeared 
greater than the possible errors in the transference detenninationsf; and it 
seemed as if it must be due either (1) to an error in the extrapolated 
values of the equivalent conductance of acids at zero concentration, (8) 
to the formation of complex-ions or some other atmormality of the hydro- 
chloric acid, or (3) to a marked difference in the relative velocities of the 
hydrogen-ion and the anion, at moderate and at very low concentrations. 
To test the first of these possibilities a study of the effect of the impurities 
in the water upon the conductance of very dilute hydrochloric and nitric 
acids was made in this laboratory by H. M. Goodwin and R. Haskell.^ the 
results of which showed that, after eliminating the effect of impurities as 
far as possible, a value for the equivalent conductance of hydrc^^-ion 
at extreme dilution (315 at 18°) even lower than that previously derived 
by Kohlrausch (318) was obtained. 

In view of these results it did not seen possible that the divergence 
could be due to the first-mentioned cause. The present investigation was 
therefore undertaken, in order to test the second explanation, or that being 
excluded, to establish the correctness of the third one. 

For it was thought that independent transference experiments with 
another acid, if they yielded results concordant with those with hydro- 
chloric acid, would serve both to exclude any specific error that might 
arise from complex-ion formation or other individual peculiarity of that 

*J. Am. Chem. Soc., 24, 644-968; 2S, l6fi-ieB (1902-3) ; Ztschr. phys. Chem., 43, 
49-74 (1903). 

fThe experimental results of Noyes and Saminet have recently been fuUy con- 
firmed by those of Jahn, Joachim an " "' ■" -" ■ ""■ -~ --- ' - 

JPhys. Rev., 19, 389-396 (1904) ; 1 
in Z. phys. Chem., 52, 630 (1905). 
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acid and to confinn the experimental accuracy of the transference data, 
and that they would thus establish the fact that a marked change in the 
relative migration-velocity of the ions of acids takes place on passing 
to very low concentrations. Nitric acid was selected as the second acid, 
since it is of quite a different chemical character.* Another purpose of 
this investigation, bearing directly on the third suggestion mentioned 
above, was to extend the transference measurements with both adds to 
a dilution of about 0.002 nonnal. 

112. PREPARATICa^ AND STANDARDIZATION OF THE SOLLrnC»I& 
The chemically pure nitric acid of trade was freed from lower oxides 
of nitr<^n by diluting it with two-thirds its volume of conductivity 
water and drawing a current of purified air through it. It was care- 
fully tested (using 6-10 ccm.) for chloride with silver nitrate, for sul- 
phate by evaporation with barium chloride, for ammonia with Nessler 
reagent, and for nitrite by diluting and adding starch and potassium 
iodide. These impurities could not be detected at all, or were present 
only in entirely insignificant quantity. Diluter solutions (from 0.06 to 
0.0006 normal) were made up with water having in all cases a specific con- 
ductance lying between 0.9 and 1.2 X lO"* reciprocal ohms at 18', and 
were titrated with the help of phenolphthalein against a 0.1 normal solu- 
tion of barium hydroxide, which had been repeatedly crystallized and 
was proved to be substantially free from chloride, and also from silica, 
calcium, strontium, or other metals than barium (by precipitating with 
sulphuric acid and evaporating the filtrate to dryness in a platinum dish, 
when a scarcely wdghable residue was obtained). The strength of the 
barium hydroxide solution was determined gravimetrically both by pre- 
cipitating with sulphuric acid after neutralizing with hydrochloric add 
and by evaporating to dryness with pure nitric add and weighing the resi- 
due of Ba(NO,), after heating to 160' - 180°. The two methods gave for 

the content of the solution in milli-equivalents per kilogram IiiokrV 

and IJIn'Zjf respectively; the value adopted was 110.64. Afterwards 

two other solutions of barium hydroxide were prepared and titrated 
against nitric add solutions which had been standardized against the first 
barium hydroxide solution. Solution No. 8 contained 0.11904,t and solu- 
tion No. 3 contained 0.05859J equivalents per kilogram of solution. 
The five solutions of nitric acid varying from about 0,06 to 0.006 

*A single transference experiment has already been made with this acid «t 26* 
at 0.OS normal concentration by Bein (Z. phjrs. Chem., 27, M. 1898). 

tl86.83 gm. of this solution (the total amount used in three concordant experi- 
ments) neutralized 388.08 gms. of HNOi SoL No. 2. 

}11S.19 gm. of this solution (used in five concordant ejiperiments) neutralized 
1O4B.90 gms. of HNC Sol. No. 5. 
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normal, which were standardized for use in this work against these barium 
hydroxide solutions showed as a mean in each case of S or 6 detennina- 
tions a content to milli-equivalents per kilogram of solution as follows: 



The very dilute solutions (approximately 0.003 nonnal) of nitric and 
hydrochloric acids employed could hardly be titrated with sufficient a^u- 
racy by this method. The concentrations both of the original solutions and 
of the portions after electrolysis were therefore determined by measuring 
their conductance by the usual Kohlrausch method in a cylindrical cell 
with horizontal electrodes, and dividing the corresponding specific con- 
ductance by the equivalent conductance of the acid in question at this 
concentration and temperature. Goodwin and Haskell* have recently 
determined the equivalent conductances at 18° in 0.002 normal solution 
to be 371.3 for HNO„ and 375.0 for HQ at 18% from which follows with 
the help of Deguisne's temperature-coefficients r)* 383.4 for HNO( and 
387.4 for HO at 20°, which arc the values we have used in calculating 
the original concentrations. The actual conductance measured in the 
conductivity vessel, the specific conductance, and the concentration in 
milli-equivalents per liter calculated therefrom were as follows : 









N..6, 1 N..T. H0.I, 1 N..I. 


Actual conductance X 10" 

BUm-eqniva]«iit« per Uter 


2,142 
S47.3 
8.210 


,0M 
8SS.4 
8.W1 


1.978 
7B1.3 

-a. 017 


•2,136 
849.0 
2.W1 



tbe firit exHrimenl wllb thU lolulion wu lllGt, tliit betwcaD the 

, I wu 11172, (hmrinc that then wM no couiderable chuve from 

iirlnt; tbe cotirte of the worfc. 

The conductance-capacity of the conductivity vessel was 0.3966 for all 
the measurements presented in this article.^ Hydrochloric acid solution 
No, 1 was made by diluting quantitatively by weight (with water of con- 
ductivity 0.9 X 10'*) a 0.13737 normal solution which had been stand- 
ardized by weighing the silver chloride obtainable from it; the concen- 
tration calculated from the dilution was S.OIS in close agreement with 
that derived from the conductivity (3.017). Solution No. 2 was pre- 
pared from the same stock solution, which was itself made by treating 
pure salt with pure sulphuric acid, redistilling the strong acid obtained, 
and diluting it; it was proved to be free from non-volatile matter and 
from sulphuric actd. 

*Phy3. Rev., 19, 3SI, 363 (1904). Tbese values tike all of ours given below were 
not corrected for the conductance of the water. 

tKohlrausch and Holbom, Lcitverroogen der Eldctrolyte (1898), p. 199. 

tA. 0.0099S4 normal potassium chloride solution measured m it showed as an aver- 
age of several determinations a conductance of 3111.3 X 10"" reciprocal dims. 
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1 13. DESCRIPTKW OF THE EXPERIMENTS 

The apparatus, consisting of two connecting U-tubes, was almost iden- 
tical with that used by Noyes and Sanimet, and the procedure followed in 
the transference experiments was nearly the same. Referring the reader 
therefore to their article* for the main features, we will here describe 
only the modifications adopted in our work. In order to avoid all danger 
from leakage, the two U-tubes were joined by drawing over their ends 
two thicknesses of light black tubing, tightly wiring this on, and entirely 
covering: the joint with melted paraffin. The anode consisted of a circular 
platinum plate, convex downward, soldered with gold to a platinum wire. 
The cathode was a straight platinum wire which dipped into the solution 
always less than 1 cm., so that by having the current dense the reduction 
of the nitric acid was as far as possiMe prevented. Since the solution 
weakened around the cathode and concentrated around the anode, to avoid 
stirring, the cathode arm was filled with liquid nearly to the top, while the 
anode arm was filled only a few centimeters above the bend and the elec- 
trode was placed just below the surface. To keep the solution at this level 
the anode arm was fitted with a rubber stopper carrying a delivery tube 
which dipped into an outside vessel of water whose level could be varied. 

Given in outline, the method of carrying out the transference experi- 
ments consisted in passing a suitable current for three hours and fifteen 
minutes (except when otherwise noted in the table) through the stand- 
ard nitric or hydrochloric acid solutions in the apparatus just described, 
detennining the quantity of electrici^ by means of two silver coulometers 
placed in series with it, one on either side, dividing the electrolyzed solu- 
tion into a cathode, an anode, and three middle portions, and titrating 
each of these with barium hydroxide (or, in the case of the 0.003 normal 
solutions, measuring the conductance at 20°) to determine the concen- 
tration-changes. From the analyses of the cathode and anode porti<His 
two separate values of the transference-number were obtained, and by 
the analysis of the middle portions it was made certain that no error arose 
through convection. 

The method of procedure at the end of the electrolysis was to transfer 
by means of a pipette the three middle portions to tared wide-mouth 
Erlenmeyer flasks with rubber stoppers. Then the two U-tubes were 
separated from each other, stoppered, well cleaned and dried outside, and 
weighed. The solutions in them were then, after thorough mixing, poured 
as completely as practicable into tared flasks, again weighed, and finally 
titrated, allowance being made in the calculation for the small portion 
that remained in the tubes, which were themselves cleaned, dried, and 

*J. Am. Chem. Soc., 24, S4a (IWS) ; Ztsdir. phys. Chem.,43,51 (1903). 
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weighed empty. In the titration of all the portitms, the quantity of 
barium hydroxide solution added was determined by again weighing the 
flasks containing them after exact neutralization with the base. In those 
cases where the titration was replaced by a measurement of the con- 
ductance, each portion was poured in succession into a cylindrical con- 
ductance-cell with horizontal platinized electrodes S.5 cm. apart and 
measured as accurately as possible, using three resistances in the rheostat. 

The principal error to be feared was that which might arise tn the 
analysis of the cathode portion through the reduction of some of the 
nitric acid by the electrolytic hydrogen. To reduce this to a minimum 
the cathode was, as already stated, made as small as possible. Since 
careful analytical tests* showed (except in one experiment, No. 3, where 
the cathode was known to be badly arranged) no nitrite or ammonia in 
the cathode portion or nitrous vapors in the hydrogen evolved, there is 
good reason to believe that the error from this source was not serious 
in most of the other experiments. The effect of this error, it may be 
noted, would be to cause an apparent increase in the transference number 
of the anion when calculated from the cathode change. 

In case of the 0.008 normal hydrochloric acid solution investigated there 
was the possibility of an opposite error from the liberation of chlorine at 
the anode, which would have resulted in too small a transference number 
as calculated from the anode change. With so very dilute a solution 
and the low current-density used, there was probably little danger of 
this; but to detect any such effect, two different forms of anodes were 
employed — a short platinum wire in experiments 1-5 (see table 132) 
and a platinum disc in experiments 6, 7, 9, and 10. As the mean results 
(167.8 and 168.8) with the two electrodes witli such different surface- 
areas agreed ahnost completely, it seems hardly possible that there was 
a serious error from this source, especially in the latter experiments.t 

In order to determine what error, if any, might arise in the very dilute 
solutions from contamination during the experiment, a "blank" experi- 
ment was made, in which the solution was treated in absolutely the same 
way as usual except that no current was passed. The stock solution of 

*These tests were made hy adding to 10 c.cm. of the cathode portion after its 
neutralization a few drops 01 pure sulphuric acid and some starch solution contain- 
ing potassium iodide ; by adding to 10 ccm. of the neutralized portion a few dri^s of 
Nessler reagent; and )Tf conducting the hydrogen evolved at the cathode throiwh a 
tube containing filter paper moistened with a solution of starch and potassium iodide. 
All these tests gave a slight positive indication in the one expenment mentioned 
above, tut in no other case, though they were tried in most of them. 

tThe cathodes were also varied in form (since the cathode results were consid- 
erably higher than the anode results), thou^ there seemed to be no possibility of 
an abnormal reaction. A platinum disc was used in experiments 1-5, a spiral wire 
in 6-B, and a short straight wire in 9-10. The form of electrode had no influence, 
however. In experiment 8 a silver anode was used. 
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hydrochloric acid used (No. 2) had a conductance of S137S and the por- 
tions withdrawn at the end of the experiment had conductances as 
follows : K* 21386 ; Mk, 21356 ; M. 21849 ; Ma, 21349 ; A, 31366. There 
was on an average a decrease of 0.1 per cent Although this would 
cause a not inconsiderable divergence of the cathode and anode trans- 
ference numbers, yet it would not affect their mean appreciably ; therefore 
no correction was made for it (except that the use of S1360 as the initial 
value eliminated it in great measure in the experiments with this solution.) 

IM. THE EXTCRIMENTAL DATA. 

The data of the experiments and the calculated transference values for 
the 0.06 — 0.007 normal nitric acid solutions are given in tables 138 - 134. 
The Hrst column contains the number of the experiment ; the second, the 
number of the acid solution used ; the third, letters representing the dif- 
ferent portions submitted to analysis, K signifying the cathode solution, 
Ms the adjoining middle portion, M the next portion, Mx the portion 
adjoining the anode, and A the anode portion itself; the fourth, the 
weight in grams of the separate portions; the fifth ccHitains the number 
of grams of barium hydroxide solution used in neutralizing the porticms 
after the electrolysis; the sixth, the initial content, expressed in equiva- 
lents and multiplied by 10*, as calculated from the weight of the portion 
and the standardization value ;t the seventh, the final content calculated 
from the barium hydroxide used ; the eighth, the change in content of 
the separate portions; the ninth, the total change in content, which 
includes the changes in the portions adjoining the cathode and anode ;t 
the tenth, the milligrams of silver precipitated in the coulometers; and 
the eleventh, the calculated transference numbers for the anion multiplied 
by 1000.§ 

'For the meaning of these letters see the next paragraiph. 

tSce section 118, BaOiHi Solution No. 1 was used in experiments 1 to S; Solu- 
tioa No. 8 in experiments 7 to 20; and Solution No. 3 in ejqieriments 27 to 33. 

tExcept where the change in the adjoining portion was opposite in «gn to that 
io the electrode portion. 

STfae wty in which these were calculated may be illustrated with the help of the 
data obtained in the first experiment The cathode portion submitted to analj^is 
weighed 214.08 grams and was found to require 107.72 gm. of the BaOiHi solution 
containing O.IlOfll milli-equivalents per gram, so that the final content of the portion 
was the product of these last two quantities or 11.918 milli-equivalents. To deter- 
mine die original content the weight of the portion is multiplied by the original con- 
centration of die solution (0.05922 milli-equiv. per gm,), which gives 12.878 milli- 
equivalents. The decrease in content in the cathode portion is, therefore, 0.7S0 
milli-^nivalents. Adding to this the decrease in the adjoining middle portion 
(0.006) and dividing by the number of milli-equivalents of silver (S23. 0/107.93) 
precipitated in the coulometer, the transference number is found to be O.ISTO, The 
small correction for the change in weight of the electrode portions by the electrol- 
ysis and transference is applied later. 
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Section 114. — The Experimental Data. 
Tabu 132.— rroiw/wmw data for 0.058 or A normal nitric add at 20'. 



I ^ 

214.08 
74.65 
212. !» 
166.16 
303.87 
224.01 
186.40 
185.02 
103.02 
298.46 
24S.01 
126.48 
163.15 
137.35 
368.43 
304.16 
109.63 
182.99 
155.70 
273.97 
281.68 
134.58 
134.20 
139.90 
221.38 
304.32 
127.83 
136.01 
132.70 
244.75 
267.30 
128.27 
140.02 
131.81 
236.68 
256.11 
148.68 
141.13 
132.89 
274.66 
295.01 
105.16 
148. 18 
147.77 
281.13 
258.40 
135.90 
143.28 
139.93 
253.26 
343.52 
148.88 
162.04 
139.38 
250.25 



107.72 
39.86 
113.30 
99.87 
169.51 
107.59 
99.65 
99.01 
57.86 
171.71 
116.57 
67.56 
87.31 
73.59 
158.32 
147.75 
58.62 
97.86 
83.48 
161.19 
137.57 
72.08 
71.83 
75.01 
131.64 
140.65 
68.43 
72.74 
71.50 
143.75 
122.93 
66.50 
73.07 
68.51 
138.33 
120.13 
77.01 
73.15 
69.05 
155.27 
141.78 
54.54 
76.88 
76.75 
157.05 
124.30 
70.51 
74.35 
72.83 
141.29 
167.97 
77.20 
84.05 
72.33 
143.14 



12.678 
4.415 
12,575 
11,026 
17,995 
13.266 
11,039 
10,957 
0.397 
17,675 
14.545 
7.490 
9,662 
8.134 
15,897 
18,012 
6,492 
10,837 
9,221 
16,224 
16,681 
7,970 
7,947 
8,285 
13.110 



7,859 
14,494 
1^349 
7,365 
8,091 
7,568 
13,590 
14,705 
8,537 



6,485 
10.144 
14.837 
7,803 
8.227 
8,034 
14,542 
19,725 
8,548 
9.304 
8,003 
14,713 



11,918 - 

4,410 
12,558 
11,028 
18,755 
11,904 
11,026 
10,955 

^402 
19,002 
12,898 - 

7,451 

9,660 ■ 

6,142 
17,517 
16,348 - 

6,501 
10,828 

9,231 
17,834 
15,221 

7,97s 

7,947 

8,299 
14,565 
16,558 

7,572 ■ 

8,048 

7,911 
15,908 
13,601 

7,358 ■ 

8,085 - 

7,680 ■ 
15,305 
13,292 

8,521 

8.094 

7,640 
17,180 
15,687 

6,035 

8,506 

8,492 
17,378 
13,753 

7,802 

8,227 

8,036 
15,633 
18,534 

8,642 

9,300 

8,003 
16,838 



- ].09l|+l,0»3 
■1.141,-1447 



+ 1,125 +US6 783.0 US.O 
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Table tast.—Transferenet data for 0.068 or ^ normal nitric acid al 20" — Continued, 



Ho. No. , ■»"■ 


Weijta.1 ' 1^;^ ' loM.] nod ",',■»• 


±1^. 


Tti«- 

tar«R 


1 


2 


3 


4 1 5 


« 1 T 


e 


• 


10 


11 


12 


9 


K 
M. 
M 
U* 

A 


275.18 
1M.33 
150.66 
133.84 
304.76 


133.84 
80.08 
78.12 
08.84 

167.07 


15,801 
8,861 
8.660 
7.627 

17,49» 


14,808 
8.8SS 
8.644 
7,628 

18,48S 


— W3 

— 3 

— 6 
+ 1 
+ 086 


- M6 


687.1 


1SS.6 














+ wr 


686.8 


155.1 



Table 183. — Traiuference data for 0.01S4 or ^ normal nitric add a 



288.84 
142.34 
180.71 
150.21 
321.64 
309.45 
151.88 

i2g!i6 

308.11 
834.04 
157.46 
164.20 
133.13 
363.06 
353.27 
181.93 
175.48 
136.86 
209.07 
342.27 
154.70 
171.83 
145.82 
347.01 
9M.38 
145.40 
160.65 
135.00 
307.95 
340.61 
127.06 
150.01 
152.38 
355.91 
SS7.80 
102.36 
111.84 
181.39 



40.98 
22.01 
27.03 



62.70 
40.44 
24.34 
25.42 
20.62 
61.59 
49.84 
25.06 
27.1 
21.23 
51.23 
46.04 
23.80 
26. S7 
22. SO 
60.64 



64.4 
45.45 
10.77 
24.74 
23.65 
62.33 
39.08 
15.70 
17.20 
20.30 
70.06 



5,319 
2,623 
3.320 
2.767 
5.927 
5,626 
2,700 

2,336 
6,677 
8,155 
2,001 
3,027 
2,458 
0,708 
6.500 
2,084 
3,233 
2,624 
5,511 



3,102 
2.687 
6,304 
5,160 
2,670 
2,041 
2,487 
6,674 
6,276 
2,368 
2,947 
2,808 
6,658 
5.303 
1,886 
2,067 
2.421 



4.S70 
2,820 
3,325 
2.767 
6,370 



2,807 
3,028 
2,455 
7,332 
5,900 



2,844 
3,163 
2.690 
7,219 
4,345 
2,678 
2,040 
2,496 
6,480 
5,410 
2,354 
2,945 
2,815 
7,419 
4,693 
1,880 
2,055 
2,417 
8.446 
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Tabls 134.~TraHtfertHce iaia for 0.0087 or ^ norma/ nitric acid at 30". 
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18.77 
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12.64 
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Taxle 134. — Trantftrenee data for 0.0067 or jh Hormat nitric acid at 20* — Continued 
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Tables 135 and 136 present the results obtained with the more dilute 
solutions where the concentration was determined by conductance meas- 
urements. The first four columns are the same as in the preceding tables. 
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The Hfth contains the actual conductance X 10* ; the sixth, the difference 
between this value and the initial conductance X 10* as given at the end 
of section 112 ;* the seventh, the corresponding change in content of the 
whole portion, expressed in 10' equivalents, obtained by multiplying this 
difference by the conductance-capacity of the vessel (0.3956), dividing 
by the equivalent conductance iraJues 382.1 for HNO. and 385.8 for 
HCl,t and multiplying by the volume of the portion (obtained from its 
weight by multiplying it by 1.0018) ; and the eighth, the total change of 
content or the sum of the changes in the electrode portion and the adjoin- 
ing portion. The ninth column contains the milligrams of silver deposited 
in the coulometers; and the tenth, the transference number for the 
anion X 10*. 

115. SUMMARY OF THE TRANSFERENCE NUMBERS. 

The following table contains a summary of the transference numbers 
derived from the preceding experiments tc^ether with the means derived 
therefrom. In finding the separate means of the cathode and anode 
values a few abnormally high or low values (designated by an asterisk) 
have been omitted.} To these means in the case of the two most concen- 
trated solutions a correction has been applied to remove a snrnU error 
introduced by the method used for the calculation of the separate values,§ 
and the results are designated "corrected means." These cathode and 
anode means have then been combined in the case of the three stronger 
nitric acid solutions under the assumption that each has a weight inversely 
proportional to the square of its average deviation (A. D.). Since 
the cathode values show in all three cases much greater variations, this 
procedure gives to the anode values a much greater weight, which would 
be a priori desirable since they are not subject to the possible error arising 

*These initial values are; 2142 for HNO. Solution No. 6; 2094 for HNO. Solu- 
tion No. 7 ; 1975 for HCl Solution No. 1, and 2136 for HCI Solution No. 2. 

tThese values are those of di^dC at 0.002 normal, where i represents the sped- 
Ik conductance and C the equivalent concentration. We derived them throush a 
careful consideration of all the results obtained fay Goodwin and Haskell with Doth 
acids at 18* between the concentrations of 0.001 and 0.005 normal. The values were 
first derived at IB* and were found to be 370.0 for HNOi and 373.5 for HCl, and 
these were then increased with the help of Deguisne's coefficients so as to make 
them correspond to 20°. It is scarcely possible that the errors in these values exceed 
0.8 per cent. 

(The high cathode values in CKperiments 2, 3, and 4 were probably due to reduc- 
tion by the electrolytic hydrogen, which was proved to have taken place in e^cperi- 
ment 2. The cathode value in experiment 22 was omitted since the middle portion 
showed a large change in content 

INamely, in calculating the original content the total weight of the electrode por- 
tion was simply multiplied by the initial content per gram. That wei^t had, how- 
ever, been increased, over what it would have been originally, at the anode by the 
weight of the transferred nitric acid and had been decreased by the electrolyws out 
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from the reduction of the nitric add around the cathode. It is in fact 
very probable that both the larger variations and the greater magnitude 
of the cathode values are due to this cause. In spite of this source of 
error it is to be noted that the mean cathode value exceeds the mean anode 
value by only 0.9, 0.6, and 1.1 per cent, respectively, in the case of the three 
more concentrated solutions. Taking into account the fact that almost 
all other errors affect the two results in opposite directions we believe the 
final A. D. values give a fair measure of the probable precision of the 
final results, which is from 0.2 to 0.3 per cent for the 0.06 to 0.007 
normal nitric acid solutions. 

In the case of the 0.002 normal solutions of both acids the divergence 
of the cathode and anode mean values is much greater, and it seemed 
best to assign an equal weight to each without reference to the value of 
its average deviation; for the divei^nce probably arises in the main from 
a slight contamination of these very dilute solutions during the experi- 
ment, which would affect the cathode and anode values oppositely and 
about equally. The final A. D. values, which expressed as percentages 
are 0.7 per cent for the nitric acid and 1.0 per cent for the hydrochloric 
acid, are again a fair measure of the maximum error of which there 
is any reasonable probability. 

of it of the water corresponding to the hydrogen and oxygen evolved; and at the 
cathode it had been decreased by the weight of the tTansferred nitric acid. 

By considerinfc the effect of this on the result, it will readily be seen that when 
any acid of equivalent weight a, transference number n, and ori^nal content c in 
equivalents per gram of solution is electrol^zed as in this case with the production 
of hydrogen and oxygen, and the calculation is made as above (multiplying the 
total weight of the portion by c) then the anode transference-number should be 
increased by the fractional amount (ah — 9)c/« and the cathode transference num- 
ber should be increased by the fractional amount AC In this case, with the strong- 
est (0.058) normal solution, the corrections, applied (since a = 63, h ^0.156, and 
c = 0.000058) are +0.03 per cent on the anode value and +0.36 per cent on the 
cathode value. With the 0.0184 normal solutions the corrections are one-third of 
these percentages. 

The corresponding correction was not applied by Noyes and Sammet to their 
results with hydrochloric acid. It would have the effect of mcreasing their final value 
at 0.05 normal (165.69) by just 0.17 per cent (to 165.96), while at the lower con* 
centrations the correction would be scarcely appreciable. 

A more simple waj; of calculating transference numbers from the experimen- 
tal data is to refer the initial content to the weight of water present instead of to that 
of the whole solution, and to calculate correspondingly the weight of water in the 
portion after the electrolysis by subtracting from its total weight the weight of solute 
found in it; but even then a correction must be applied to the anode portion for the 
water electrolysed out of it The present basis of all such transference determinations 
is of course the assumption that the water itself does not migrate. 
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116. SUMMARY AND DISCUSSION. 

The final results of the transference experiments described in this article, 
as well as of those carried out by Noyes and Sammet* with 0.05 — 0,006 
normal hydrochloric acid at 20',^ are brought together in table 138. 
In this table are also given the values of the equivalent conductance of 

*Zlsdir. phyi. Chem., 43, 83 (1903) ; J. An. Chem. Soc, 24, 9SS: 2S, 167 (1902-8). 
fCorrected for the inaccuracy in their calculation as described in a preceding foot- 



d by Google 



Section ii6. — Summary and Discussion. 



327 



hydrogen-ion calculated from each transference number and from the most 
probable values for nitrate-ion and chloride-ion (64.6 and 68.5, respect- 
ively) at 20' and extreme dilution.* In the last row of the table are given 
the corresponding values for zero concentration as derived fran Goodwin 
and Haskell's conductivi^ experiments.'t' 

Tak.! vas.^Fmal vabut of iht tratuftrenct-mumbtrt and the eguivaknt conduclanct 
of hydrogen-ion. 
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It will be seen from table 138 that, except at the highest concentration 
(0.056 normal), there is substantial agreement between the values of the 
equivalent conductance of the hydrogen-ion derived from the independent 
transference experiments with the two different acids, and that the (nearly 
constant) value for the concentration-interval between 0.018 and 0.006 
normal is nearly 5 per cent larger than that derived from conductivity 
measurements at extreme dilution. The reali^ of this divergence, first 
discovered by Noyes and Sammet, confirmed as it is on the conductivity 
side by the investigation of Goodwin and Haskell and on the transference 
side by the recent determinations of Jahn, Joachim, and Wolff, and by 
these new experiments with nitric acid, can, we believe, no longer rea- 
sonably be doubted. It must therefore be concluded that the transference 
number of the anion of acids, and therefore the ratio of the velocity of the 
anions to that of the hydrogen-ion, is several per cent larger at very small 
concentration (0.001 normal and less) than at moderate concentrations 
(0.05 to 0.005 normal). Thus a change in the relative velocities takes 
place even after the concentration of the solute has become so small that 
as a medium the solution scarcely differs from the pure solvent The fact 

The value here given for the G is that derived by Noyes and Sammet from 
Kohlrauscb's conductivity data and the existing transference data for potasnum 
diloride. That for the NO. ion we have obtained by subtracting from that for die 
CI the difference for these two ions at 20° given by Kohlrausch (Sitxungsber. 
konigL preuss. Akad. der Wtssensch., 1901, 1031). These values have then sunply 
been mtiltiplied by (1 — «)/«. 

tThese investigators found for A, at 18° 377.0 for HNO. and 380.1 for HCI. 
The corre^Miiding values at 20* calculated with D£guisne's coefficients are 389.2 
and 392.5 respectively. Subtracting from these the values for the NO. and Q ions 
(64.S and 08.5) one obtains the values for the hydrogen ion given in the table. 
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that higher transference numbers were obtained with the 0.002 normal 
solutions than with the more concentrated solutions of both acids amfirms 
the conclusion drawn from the comparison with the ccHiductivity data. 
The values obtained at O.OOS normal show, moreover, that even at this 
very low concentration the velocities have not yet bectmie identical with 
those at zero concentration. 

This change of the transference number may, of course, arise either 
from an acceleration of the anion or from a retardation of the hydrogen- 
ion at very high dilution, or frcMn both causes combined. The facts that 
salts do not as a rule show any change in their transference numbers 
after a moderate dilution is reached and that their ionization-values cal- 
culated from freezing-point lowering and other molecular properties agree 
with those corresponding to the conductance ratio (A/A,)* make it proba- 
ble, however, that it is the fast-moving hydrc^en-ion that is mainly, if 
not wholly, afFected.f It is under this (possibly incorrect) assumption, 
namely, that neutral ions have the same velocity at moderate and at very 
low concentrations, that the values, given in table 138, of the equivalent 
conductance of hydrogen-ion at various concentrations were derived. 

The fact that the values of the equivalent conductance of hydrogen-itm 
are nearly constant for the interval of concentration 0.006 - 0.018 seems 
to indicate that these are the normal ones, and that the variations at lower 
concentrations arise from some secondary effect of a general character, 
determined perhaps by the smallness of the ion-concentration itself. 

The results obtained at the highest concentration (0.05 to 0.06 normal) 
differ in the case of the two acids, which makes it seem probable that the 
variation in the stronger solution is due to some different cause, probably 
one of a specific chemical nature, from that which gives rise to the change 
at high dilutions. 

As to the bearing of these results on the calculation of ionizatioa- 
values, it may be said that in the case of largely ionized acids at moderate 
concentrations it seems in the light of now existing knowledge most appro- 
priate to divide the observed equivalent conductance of the acid by a A« 
value obtained by adding to the equivalent conductance of the anion that 
for the hydrc^en-ion obtained by the transference experiments above 
described at the concentration in question. On the other hand in the case 
of any acid solution in which the wm-concentration is less than 0.001 nor- 
mal the older value (324 at 20° or 315 at 18*) for hydrt^en-ion is to be 
preferred. 

•See A. A. Noyes, Z. phys. Chem., B2, 634. 

fit is therefore probable that the decrease in the conductance of strong adds 
always observed at very high dilutions is not wholly due to impurities in the water. 
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It is of interest to compare the ionization of hydrochloric acid com- 
puted in the manner just stated with that of neutral salts of the same ionic 
type, like potassium and sodium chlorides. At the concentration 0.05 
nonnal the ionization-value derived from Kohlrausch's value (360) of the 
equivalent conductance of the acid at 18° is found to be 0.948, provided the 
equivalent conductance of hydrt^en-ion is taken at 315 as derived from the 
conductivity of the acid at small concentrations; but it becomes 0.900 
when the equivalent conductance of hydrogen-ion is taken 6.3 per cent 
larger than this, in accordance with the transference results. At this 
same concentration the ionization-values for potassium chloride and 
sodium chloride, as derived from their equivalent conductances, are 0.891 
and 0.878. The approximate agreement of these values with the new one 
for hydrochloric acid seems to justify the extension to largely ionized 
acids of the principle that salts of the same ionic type have at the same 
concentration roughly the same degree of ionization. 
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Part XII. 
General Summary of the Results. 

By Arthur A. Noybs. 
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Part XII. 
GENERAL SUMMARY OF THE RESULTS. 

It s«ems desirable at the close of this extended series of papers to sum- 
marize the more important results which have been attained, both in 
order to make them more readily available to readers who may not be 
interested in the details of the experiments, and in order to show more 
clearly, by bringing together all the more significant results, the general 
conclusions which can be drawn from them. 

In order to carry out these investigations a new form of conductance 
vessel capable of withstanding high pressures and not liable to con- 
taminate dilute aqueous solutions even at high temperatures had to be 
constructed at the start. The vessel or "bomb" which was developed 
as a result of several years' experimenting and which has been used 
successfully with only minor modifications for all the measurements above 
presented will be readily understood in its essential features by reference 
to figure 1 on page 10, and from the following brief description : 

It consists of a cylindrical vessel A of about IZ5 c.cm. capacity 
provided with a cover B which is held in place by means of a large 
nut C, all these parts being made of steel. The bomb is lined through- 
out with sheet platinum. The cover is made tight by a small packing- 
ring of pure gold wire which fits into a small V-shaped groove. The 
body of the bomb serves as one electrode. The other electrode is brought 
in through the bottom of the bomb, being insulated inside by a piece of 
quartz and outside by mica layers M. The quartz-piece Q is in the 
form of a cylindrical cup about 3 cm. in external diameter and 2.7 cm. 
in height, the bottom of it being covered on the inside by the circular 
platinum -covered top of the electrode, which was usually well coated with 
platinum black. In the cover is a narrow cylindrical chamber provided 
with an auxiliary insulated electrode T,, which serves to show the 
height of the liquid in the chamber and indirectly the volume of the liquid 
in the bomb. The cover also contains a small platinum tube T, throu^ 
which the air may be exhausted from the bomb. 

In most of the experiments made with the more dilute solutions, the 
bomb was modified, so as to reduce contamination, by removing the cup 
and flat electrode within it, and replacing these by a cylindrical platinum- 
iridium electrode usually about 10 mm. high and 7.2 mm, in diameter, 
which was supported on a vertical quartz cylinder, through the center of 
which the electrode rod passed downwards (see fig. 13, page 68). 
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For the itieasurements at 18° and 100' and in some of those at 128* 
and 156° the bomb was immersed in a liquid xylene or pseudocumene 
bath, but at the higher temperatures it was heated in the apparatus shown 
in fig. 3, page 13, in the vapors of boiling liquids (brombenzene at 156°, 
naphthalene at 218°, isoaniylbenzoate at 260°, bromnaphthalene at 281*, 
and benzophenone at 306°). In the later experiments the heater and 
the electrical connections were so arranged that the bomb could be 
rotated (see fig. 14, page 64), thus causing thorough stirring of the 
contents. 

By means of this apparatus conductance measurements have been made 
up to 306° at all or nearly all the temperatures just mentioned with sodium 
chloride, potassium chloride, silver nitrate, potassium sulphate, bariinn 
nitrate, hydrochloric acid, nitric acid, sulphuric acid, acetic acid, ammo- 
nium hydroxide, ammonium chloride, sodiimi acetate, and ammonium 
acetate; at the tempeiatures up to 218° with magnesium sulphate, and 
sodium hydroxide; and from 18° to 166° at intervals of 25° or 28' with 
nitric acid, phosphoric acid, sulphuric acid, potassitmi hydrogen sulphate, 
and barium hydroxide. With most of these substances the measurements 
have been made at four or more different concentrations varying between 
0.1 and 0.002 normal. 

The final values of the equivalent conductance of these substances will 
be found in the tables of the preceding parts on the following pages : 

Potassium and sodium chlorides 4T 

Silver nitrate, t>arium nitrate, potassium sulphate, 

magnesium sul|>hate 103 

Acetic acid and sodium acetate 137-8,225 

Ammonium hydroxide and ammonium chloride.. 174, 2SS 

Hydrochloric acid 137,268 

Sodium hydroxide 174 

Nitric acid, phosphoric acid, sulphuric add, potas- 
sium hydrogen sulphate, and barium hydroxide 202 

These conductivity results have interest from a theoretical standpoint 
mainly in two respects — first, with reference to the equivalent conduct- 
ance of the ions or their specific migration-velocities; and second, with 
reference to the degree of ionization of the various substances. 

The values at the different temperatures of the equivalent conductance 
(A,) extrapolated for zero concentration or complete ionization were 

obtained with the help of a function of the form t- = 7 — Jfi(CA)"-*, 

which corresponds to the equation C{A, — A) =:K{C\)*, by plotting 
1/A against (CA)'-', varying the value of n till a linear plot was 
obtained, and then extrapolating for zero concentrations.* All the 
^o-derived values of A, for the largely ionized electrolytes are summarized 
ill the following table. The substances are arranged primarily according 

*A discussion of this method of deriving the At-value will be found in section IT 
(Part II, page 50). 
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to the ionic type and secondarily in the order in which the A, values at 
18° increase. In adjoining columns are given also the mean temperature- 
coefficient AAj/A/ for the successive temperature- intervals and the ratio 
Aei8)/Ao(Kci) of the equivalent conductance of the substance in question to 
that of potassium chloride at the same temperature. 

Tablx 130. — EquivaleHl conductance at tero concentration. 
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^.«CI) 
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*o(KCI) 
0.89 
0.89 
0.01 
0.95 
0.96 
0.95 


IS 
100 
ISC 

218 
281 

3oa 


78.1 
265 
450 
660 

024 


2.53 
2. 85 
3.40 

3.00 


0.60 
0.69 
0.72 
O.SO 

0.82 


100.0 
302 

760 
070 
1080 


3.00 
3.44 
3.31 
3.33 
4.40 


0.84 
0.87 
0.89 
0.02 
0.06 
0.06 


115.8 
367 
570 
780 
065 
1065 


3.06 
3.62 
3.39 
2.94 
4.00 


100 
IM 

216 
281 
306 


PMWI.. Cklorijc. 


AiBuIn clilail^t. 


Mi.m bidnui^e. { 


150.1 

414 

«2S 

825 
1005 
1120 


3.46 

3.77 
3.23 
2.SS 
4.60 


.. 


130.7 
415 
626 
841 

1176 


3.47 
3. SO 
3.43 


1.01 
1. 00 
1.00 
1.03 

1.05 


216.5 
594 
835 
1060 


4.60 
4.30 
S.63 


1.67 
1.43 
1.83 
1.29 


18 
100 
156 
218 
281 
306 


Bulnn Bltnu. 


PMudu •.ItkW.. 




116.9 

385 

600 

B40 
1120 
1300 


3.27 
3.84 
3.87 
4.44 
7.20 


0.90 
0.93 
0.96 
1.02 
1.11 
1.16 


132.8 

455 

715 
1063 
1400 
1725 


3.93 
4.64 
5.64 
6.27 
lO.fl 


1.02 
1.10 
1.14 
1.29 
1.4S 
1.54 


222 
645 
847 


5 
3 


10 
56 


1.71 
1.60 
1.3S 


18 
100 
156 
218 
306 


Pkeapbaric Ki4. 


HlRk Kit. 




338 
730 
930 


4.78 
3.57 


8.60 
1.76 
1.49 


377 

826 
1047 
1230 

.... 


5.61 
3.05 
2.85 


2.90 
1.09 
1.67 
1.40 


379 
850 
1085 
1265 
1424 


S.76 
4.20 
2.90 
1.61 


2.01 
2.05 
1.73 
1.53 i 
1.27 
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The results given under A«<B)/A4(xoi> in table 139 show that the 
values of the equivalent conductance for con^lete ionization in the case 
of all the di'ionic substances investigated become more nearly equal as 
the temperature rises, the approach toward equality being rapid between 
18' and 218°, but comparatively slow at the higher temperatures. This 
shows, of course, that the specific migration-velocities of the ions are 
themselves more nearly equal, the higher the temperature. Complete 
equality has not, however, been reached even at 306', but the divergence 
exceeds 6 per cent only in the cases of hydrochloric acid, sodium hydrox- 
ide, and sodium acetate, which have ions which at 18° owve with excep- 
tionally large or small velocities. 

The behavior of the tri-ionic salts, potassium sulphate and barium 
nitrate, is especially noteworthy. Their equivalent conductance increases 
steadily with rising temperature and attains values which are much 
greater than those for any di-ionic uni-univalent salt. Thus at 306' the 
value for potassium sulphate is about 1.5 times as great as that for potas- 
sium chloride. This behavior, which at first sight appears abnormal, is in 
reality in conformity with the principle that the velocities of ions sub- 
jected to the same electric force approach equality with rising tempera- 
ture ; for, assuming that the resistance of the medium becomes the same 
for all ions, the velocity of a bivalent ion, owing to its double electric 
charge, should become twice as great as that of a univalent ion under 
the same potential-gradient; and correspondingly, the equivalent con- 
ductance of a completely ionized unibivalent salt should become 1.6 times 
that of a completely ionized uni-univalent salt. What is remarkable is, 
therefore, not the greater values at high temperatures, but the approxi- 
mate equality at room temperature of the equivalent conductances of 
bivalent and univalent ions, especially of the elementary ones which might 
be expected to have not far from the same size. This equality may be 
due, as has been suggested by Morgan and Kanolt,*-' to a relatively large 
hydration of the bivalent ions. 

With respect to the form of the temperature-conductance curve, it 
will be seen from an examination of the values of AAg/Al that the rate 
of increase of conductance is in case of all the neutral di-ionic salts greater 
between 100° and 156' than it is between 18° and 100° or between 156' 
and SIS",! and therefore that the curve is first convex, later concave, and 
then again convex toward the temperature axis, with two intermediate 
points of inflexion. 

In the case of the acids and bases, however, and therefore of the hydro- 
gen-ion and the hydroxide-ion, the rate of increase of the equivalent 

n exception. 
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conductance steadily decreases with rising temperature, so that the curve 
is always concave toward the temperature axis. With the tri-iomc salts, 
on the other hand, the rate of increase steadily increases, owing to the 
great increase in the equivalent conductance of the bivalent ion; the 
curve is therefore always convex toward the temperature axis. 

It is of interest to note that the fluidity, or the reciprocal of the 
viscosity, of water shows nearly the same increase as the conductance 
of the di-ionic salts, at any rate up to 156°, which is about the limit to 
which previous determinations of the viscosity have extended. Thus, 
using for the viscosity (ij) the data of Thorpe and Rodger and of de 
Haas* and taking the mean values of A^ for the five uni-univalent salts 
included in this research, the product ijA, has the values 1.19 at 18°, 1.04 at 
100", and 1.01 at 166*. When it is considered that the conductance values 
increase five-fold, this variation in the ratio will be seen to be of secondary 
significance. 

With respect to the variation of the equivalent conductance (A) with 
the concentration (C), it has been found that between the concentrations 
0.1 and 0.002 or 0.0005 normal the results at all temperatures with all the 
salts, both di-ionic and tri-ionic, and also with hydrochloric acid, nitric 
acid, and sodium hydroxide, are expressed by the function C(A^ — A) = 
K{CA.y provided that to the exponent « a value (varying with the differ- 
ent substances) between 1.40 and 1.55 is assigned. This is dearly shown 
by the summary of the n values given in table 140. These were derived 



Table l^O.—Valuet of exponent m in tht function C(A.— A) =X{CA)ii. 



Svbiuscc. 


.... 


lOCP. 


116". 


"^- i ^°- 


306°. 


KOI 

NaOl 

nIo,h,6.! 

HOI 

HNO, . . . 
NaOH . . . 
Ba(OH),.. 
K,80, . . . 


1.42 
1.42 
1.53 
1.45 
1.4S 
1.43 
l.SO 
l.H 
1.42 
I.BO 
1.43 


1.40 
1.48 
1.S2 
l.*S 
1.38 
1.4S 
1.50 
1.45 
1.42 
1.50 


1.40 
l.SO 

l.SO 
1.42 
1.40 
1.45 
1.50 
1.45 
1.42 
1.50 


1.48 
1.50 
l.SO 
1.36 
1.47 

i!42 

l.SO 


1.50 
1.47 
1.52 

i!42 
l.SO 




48 
46 
52 

4S 

M 



*See Landoh-Bornstein-MeyerhofFer, Physikalisch-chemische Tabclloi, pp. 76-77. 
From the data there given the viscosity in dynes per sq. cm. is found by interpola- 
tion to be 0.01058 at 18°, O.0OS83 at 100°, and 0.001785 at 158°. The mean values of 
A, for the salts referred to are 113 at 1B°, 369 at 100°, and 566 at 156°; the salts 
investigated were potassium, sodium, and ammonium chlorides, sodium acetate, and 
silver nitrate. Reference may also be made to the table given in Part II, page 53, in 
which a comparison is made between the change in fluidity and that in the equivalent 
conductance of potassium chloride for six temperatttre -intervals between 0° and 156°. 
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by a graphical method (see section 17, page 50) which involved no 
assumption in regard to the value of A„ this being regarded as a third 
constant to be determined from the data themselves. In general, the value 
of « could be found within 0.02 or 0.03 units. 

It is evident that, if the conductance-ratio A/A,, can be taken as a meas- 
ure of the ionization (y), the latter changes with the concentration in the 
case of all these substances in accordance with an entirely similar expo- 

(Cy ) " 
nential law, namely, in accordance with the function >,, — -^ const,, 

C(l — t) 

in which m has values varying with different substances only between 1.40 
and 1.66. 

In a previous article* emphasis was laid on the remarkable fact that 
at ordinary temperature the form of the functional relation between ioni- 
zation and concentration is the same for salts of different ionic types. 
These results show that this is also true at high temperatures, and, more- 
over, that even the very large variation of temperature here involved and 
the large consequent change in the character of the solvent affect only 
slightly, if at all, the value of the exponent in this purely empirical rela- 
tion. Thus an additional confirmation is given to the important conclu- 
sion that the form of the concentration-function is independent of the 
number of ions into which the salt dissociates. This seems to show almost 
conclusively that chemical mass-action has no appreciable influence in 
determining the equilibrium between the ions and the un-ionized part of 
largely dissociated substances. How complete this contradiction with the 
mass-action law is, is seen when it is recalled that for di-ionic and tri-ionic 
salts this law requires that the concentration of the un-ionized substance 
be proportional to the square and cube, respectively, of the concentration 
of the ions, while the experimental data show that it is proportional to the 
I power of that concentration, whatever may be the type of salt 

It has also been shown in the preceding articles (pages 49 and 139) 
that the functions Ao — A = KO and A^ — A = K{C\)*, which contain 
only two arbitrary constants (A« and K) satisfactorily express the results 
with potassium chloride, sodium chloride, hydrochloric acid, and sodium 
hydroxide at any rate up to 218* between the concentrations of 0,1 and 
0.002 or 0.0005 normal. Since, however, the data at still smaller concen- 
trations, as determined by Kohlrausch and others at 18°, do not conform 
to the requirements of these functions, they apparently do not give by 
extrapolation a correct value of A,, and correspondingly the ratio A/A^ 

•Noyes, The Physical Properties of Aqueous Salt Solutions in Rdation to the 
Ionic Theory, Congress of Arts and Science, St. Louis Exposition, 4, 317 (1904); 
Technology Quarterly, 17, 300 (1904) ; Science, 20, 582 (1004) ; abstract in Z, phys. 
Chem., 52, 635. 
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derived from them is not a true measure of the ionization. It has therefore 
not seemed worth while to make a study of the applicability of these func- 
tions to all the substances investigated. 

The equivalent conductance and ionization of the slightly ionized sub- 
stances, acetic acid and ammonium hydroxide, on the other hand, changes 
with the concentration at all temperatures even up to 306°, in accordance 
with the mass-action law. It is interesting to note that phosphoric acid, 
an acid of moderate ionization (60 per cent at 18° and 29 per cent at 166" 
at 0.01 normal concentration), has intermediate values of « (1.8-1.9), 
which, however, approach more nearly the theoretical value (2.0) than 
the empirical one. 

In order to show the relations between degree of ionization, the charac- 
ter of the substances, and the temperature, the percentage ionization of all 
the substances investigated at the different temperatures in 0.08 and 0,01 
normal solution is shown in table 141. The substances are arranged in the 
order in which the ionization at 18° decreases. The values in the case of 
sulphuric acid show the percentage of the total hydrogen which exists in 
the form of hydrogen-ion, without reference to whether it arises through 
the primary dissociation into H* and HSO," or the secondary one into H* 
and S0,= ; the values are only approximate ones based on an estimate of 
the relative extent to which these two stages in the dissociation have taken 
place, as described on page 267. The values for magnesium sulphate are 
only rough approximations, owing to its being largely hydrolyzed. 

The ionization at 0.08 normal for all of the salts and for hydrochloric 
and nitric acids is also shown graphically in figure 20. 
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Tabu Ul.—Ptrcetitagt ioniaation. 
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0.01 


.„ 
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0.01 
0.08 


97.1 


93i 


95.0 
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93.6 
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-r 
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HNO 


0.01 
0.08 


96.8 
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■■ 


89.0 


93.4 


85^ 




75* 




...1 .. 
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NaOH 


0.01 


96.2 




95.7 




94.3 
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KCl 


0.01 
0.08 


M.2 


87i 


91.1 


82.6 


8B.7 


79.7 


89.8 


77*i 






81 


84' 


HaCa 


0.01 
0.08 


93.6 


95.7 


92.7 


83i 


93-1 
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77*7 
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80 
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NH.C1 . . . . 


0.01 
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AgNO. . . . 


0.01 
0.08 


93.3 


83'.3 


9L8 
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75.8 
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70.8 






77 
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NH,CH,0,. 


0.01 


91.9 




88.7 




87.1 
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0,01 
0.08 
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88.8 


77.6 


88.0 
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0.01 
0.08 


93 


83*' 


85 


70 
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K,SO 


O.OI 
0.08 


87J8 
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80.3 


64i 


75 


68* 


68 


45*' 






37 


23 ' 


Ba(NO,),- - 


0.01 
0.08 


86.7 


nl 


83.6 


86^0 


80 


82* 


74 


53*" 






47 




H.BO 


0.01 
0.08 


83 
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48* 


40 


*3*' 


44 


42*' 
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HgSO 


0.01 
0.08 


66.7 
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SS.4 
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35 


19*' 


13 
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HJPO, 


0.01 
0.06 


80 
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42 
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29.4 
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0.01 
0.08 


4.17 


1.60 


3.24 
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o'b2 


1.26 
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lfH,OH . . . 


0.01 
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4.05 


1.4S 
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1.36 
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As will be seen from table 141 the ionization steadily decreases with 
rising temperature in the case of every substance investig;ated. To this 
principle stated as an entirely general one tiie only exceptions seem to be 
water itself up to about Z1Q' and many slightly ionized acids and bases up 
to about 40*, as illustrated by the ionization-constants for acetic acid and 
ammonium hydroxide tabulated below ; but above this temperature, even 
such acids and bases also decrease steadily in ionization.* 

The decrease in ionization will, moreover, be seen to be nearly the same 
for all the largely ionized salts of the same ionic type, so that such salts, 
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which have roughly the same ionization at 18', are also not far from 
equally ionized at much higher temperatures. The decrease in percentage 
ionization per ten degrees ( — lO'Ay/At) at the concentration 0.08 normal 
has for the neutral salts the following average values : 

Tabu lVi.—Deereate of ionitation with the temperature. 



'ffi,- 


Vilgci Dl (-lOiiLilAf) iKmeD | 


IIP m letf" 


lOCP Mi 1S6° 


IM° u« ZltP 


218° »4 281' 


SSfaixe- 


DMonlc 

TrWonlc 


0.32 
0.34 


0.S9 
O.H 


O.M 
1.23 


l.OB 
2.30 


2.S4 
3.20 



Thus the rate of decrease in ionization is snuU between 18* and 100° 
for either type of salt ; but it becomes greater at the higher temperatures, 
especially in the case of the tri-ionic salts ; and for the highest temperature- 
interval (881° -306') it is extremely rapid for both types of salt. The 
decrease in ionization of hydrochloric acid, nitric acid up to 166°, and 
sodium hydroxide is about the same as that of the di-ionic salts ; thus the 
average value of { — 10*Ay/Ai) at 0.08 normal for hydrochloric and 
nitric acids is 0.38 between 18° and 100% 0.63 between 100° and 156° ; 
and for hydrochloric acid 0.76 between 156' and 218°. Between 156' and 
306° nitric acid decreases in ionization much more than the other sub- 
stances of the same type. 

The physical property of the solvent which is most closely related to its 
ionizing power is, as has been shown by Thomson and by Nemst, its dielec- 
tric constant. It is therefore of some interest to compare its variation with 
the temperature with that of the ionization of salts. Unfortunately, the 
dielectric constant of water has been determined only between 0° and 76°. 
Drude* has, however, derived for this interval a quadratic equation, from 
which a value at 100° may be calculated, probably without great error. 
The values of the dielectric constant obtained from this equation are 81.3 
at 18' and 68.1 at 100°, and the ratio of these is 1.40. 

The question now arises, what function of the ionization should be com- 
pared with thb? It seems clear that, from a theoretical standpoint, it is 

simplest to consider the ratio p^^ ^ of the concentrations of un-ion- 

ized salt which prevail in solutions that at the two temperatures (*, and t^) 
have the same concentration of the ions {that is, solutions for which 
C^y, = C,y,) ; for in such solutions the electric force between the ions, and 
therefore their tendency to unite to form un-ionized molecules, in so far 
as this has an electrical origin, must be inversely proportional to the dielec- 

*Wied. Ann. Phys., B», GO (1896). 
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trie constant. The above ratio is evidently equivalent, since C,y, = C^y^, 

to the ratio ^ ~^*\/ » where, however, fy and y, refer to the slig^y 

different concentrations C, and C, (C, being equal XoCitx/fx)- 

Now for the four uni-univalent salts given in table 141 the mean values 
of the percentage ionization at 0.08 normal is 84.4 at 18* and 80.9 at 100', 
or by interpolation, 80.6 at 100° at 0.08 X 1-043 normal (that is, at 
CiYi/yi) ; whence the value of the ratio just referred to is found to be 1.30. 
The value of the corresponding ratio for the two tri-ionic salts at 0.08 nor- 
mal is in the same way found to be 1.38.* While the former of these 
values differs considerably from the ratio (1.40) of the dielectric constants, 
yet all the values lie in the same neighborhood. Indeed, the agreement is 
as close as could be expected considering the character of the data involved. 
Finally, even though it seems theoretically to correspond to a less com- 
parable condition in the solution, yet, in view of the valence principle dis- 
cussed just below, it is of interest to note the values of the simpler ratio, 

tA- —{. of the concentrations of the un-ionized substance at two tem- 

t-li — ri) 

peratures at the same total concentration, instead of the same ion-concen- 
tration. At 0.08 the value of this ratio for lOOyiS" is 1.28 for the four 
uni-univalent, and 1.21 for the two uni-bivalent salts, thus considerably 
less than the ratio of the dielectric-constants. 

The degree of ionization of the different substances may be next con- 
sidered in relation to the ionic type to which they belong and to their chem- 
ical nature. It has already been pointed out that even up to the highest 
temperatures neutral salts of the same ionic type have roughly the same 
percentage ionization, the differences not exceeding 8 per cent in any case 
investigated. The strong acids, hydrochloric acid and (up to Ififi') nitric 
acid, and the strong bases, sodium and barium hydroxides, also conform in 
a general way to this principle, though their ionization seems to be several 
per cent greater than that of the corresponding salts ; it is worthy of men- 
tion, however, that this greater value may be due to an increase in the 
equivalent conductance of the hydrogen-ion or hydroxide-ion with the 
concentration of the solute, as is indicated to be the case by the transfer- 
ence results with these acids presented in Part XI and again referred to 
below. 

It is also remarkable that the rough proportionality which had previ- 
ously been shown to exist at ordinary temperaturesf between the un-ion- 

*The mean values of the percentage ionization for these two salts at O.OB normal 
are Tl.T at 18* and 66.6 at 100*, or by interpolation 64.B at 100° at 0.08 X 1-OS normaL 

tPor a discussion of this principle, see the author's article on The Physical Prop- 
erties of Aqueous Salt Solutions. . . ., loc. cil. 
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ized fraction of a salt at any concentration and the product of the valences 
of its ions has now been proved by the measurements of Noyes and Mel- 
cher to persist up to the highest temperatures, where the degree of ioniza- 
tion has become much less. This is shown by the following summary, 
which is a reproduction of table 39 on page 110. Under A are given the 
mean values of the percentage of un-ionized salt, 100(1 — y), for the 
neutral salts of each type at the concentration 0.04 molal and for the uni- 
univalent salts at 0.08 molal ; and under B are given the ratios of these 
values to the product of the valences (f,v,) of the ions. 
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IB 
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21 
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81 
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1X2 
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0.08 
0.04 
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12 
15 
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la 

IS 
14 
14 


19 
IS 
34 
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17 
31 
20 
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20 
25 
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93 


20 
25 
29 
23 


2S 
31 
•5 


25 

SI 
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It will be seen that the principle continues to hold, especially when the 
comparison is made at the same equivalent concentration, even when the 
ionization has become very small ; thus it is only 26 per cent for the uni- 
bivalent salts at 306* and only 7 per cent for the bibivalent salt (magne- 
sium sulphate) at 218°. 

The ionization tendencies of phosphoric acid, acetic acid, and ammonium 
hydroxide, and the effect of temperature on them are best shown by 
the summary of their ionization-con slants which is given in table 143,* 
The values for phosphoric acid were determined by Noyes and Eastman 
(see page 269), those for acetic acid by Noyes and Cooper (page 142) 
and by Sosman (page S28) ; and those for ammonium hydroxide were 
determined by Noyes and Kato (page 178), by Sosman (page 288), 
and by Kanolt (page 290). The concentration involved in the constant 
is expressed in equivalents per liter, and the constants themselves have 
been multiplied by 10*. 

It is evident from these results that the ionization-constant for ammo- 
nimn hydroxide increases considerably in passing from 0' to 18°, then 
remains nearly constant up to 50°, and finally decreases with increasing 
rapidity as higher temperatures are reached, attaining at 306° a value 
which is only about one-two-hundredth of that at 18° ; and that at all 
temperatures the values for acetic acid are not very different from those 



'In the case of phosphoric acid the values vary considerably with 
in correspondence with the fact that the exponent in the concentration' function was 
found to be l.S — l.B instead of 2 as required by the mass-action law. The values 
here given are those at the concentration 0.05 fonnu la- weights (HiPO.) per liter. 
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Table U3.—loniMation-contlanlt of fhoifkoric and.acttic acid, and ammonium 
kydrcxide. 
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for ammonium hydroxide. Phosphoric acid is seen to have a much larger 
ionization, which, however, decreases steadily and very rapidly with rising 
temperature. 

The interpretation of the results obtained with sulphuric acid is com- 
plicated by the fact that the ionization doubtless takes place in two 
stages; but a method has been described on pages 271-3 by which it 
is possible to determine the hydrogen-ion concentration within fairly nar- 
row limits from the conductance alone, without knowledge of the extent 
to which the separate stages occur. The method is of general applica- 
tion to dibasic acids ; and, if the ionizadon-constant for the first hydrogen 
be known, as is true with many of the organic acids, the method could be 
used for computing that of the second hydrogen from the conductance at 
high dilutions where the secondary ionization is appreciable. The ratio 
of the hydrc^en-ion to the total hydn^en in the case of sulphuric acid 
is thus found to vary in 0.08 normal solution from about 66 per cent at 
18° to 48 at 100' and 35 at 306°. 

Similar calculations of the hydrogen-ion concentrations have been made 
in the case of potassium hydrogen sulphate. These show that in 0.1 molal 
solution at 156° the hydrogen-ion concentration is not more than 3 per 
cent; and this justifies the conclusion that the secondary ionization of 
sulphuric acid (into hydrogen-ion and sulphate-ion) in its own moderately 
concentrated solutions is also insignificant at this temperature and higher 
temperatures. Interpreted with the help of this conclusion the con- 
ductivity data for the acid show that the primary dissociation (into 
hydrogen-ion and hydrosulphate-ion) is about the same as that of hydro- 
chloric acid at temperatures between 100° and 306" ; and it is reasonable to 
suppose that the same is true at lower temperatures down to 18°, 
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With the help of this principle the ionization of the hydrosulphate-ion 
at 18°, 100°, and 166° in the solutions both of the acid and acid salt 
has been computed; the final results will be found in tables 118 and 119 
on pages 374 and S76. This ionization is thus found to be Iar£;e at 18° ; 
but it decreases very rapidly with the temperature. Thus in a 0.1 molal 
potassium hydrogen sulphate solution equal quantities of sulphate-ion 
and hydrosulphate-ion are present at 18° ; while at 100° there is only 16 
per cent, and at 156° only i per cent, as much sulphate-ion as hydro- 
sulphate-ion in the solution. 

Only rough values of the ionization-constant of the hydrosulphate-iou 
into hydrogen-ion and sulphate-ion can be given, since they vary very 
much with the concentration ; some idea of its magnitude is furnished 
by the following values which hold at about 0.01 molal (or 0.002 molal 
at 156°); 18500 X 10-"- at 18°, 1220 X lO" at 100°, and 116 X lO"' 
at 156°, whereas the ionization-constant for acetic acid at 18° is 18 X lO"*. 
From the change of the ionization-constant with the temperature, the 
heat absorbed (AC/) by the reaction HSO*" = H* -f- SO^= has been 
found to be given by the expression: A[/=li,170 — 65 T, where T 
represents the absolute temperature. From this it follows that the value 
at 18° is — 4750 calories, and at 100°, — 10,070 calories, while from 
Thomsen's heat-of-neutralization measurements and our ionization data 
at 18° the value — 6020 calories is derived. 

In addition to the measurements with unhydrolyzed salts just dis- 
cussed there have been presented in the preceding Parts of this publica- 
tion measurements of the conductance of certain salts of weak acids or 
bases both in water alone and in the presence of an excess of the acid or 
base. Various methods of calculating the hydrolysis from the change in 
conductance produced by the acid or base have been described (see 
pages 143, 186, and 230) ; and values of the hydrolysis of the salts in ques- 
tion have been obtained. From these, by combination with the ionization- 
constants of the acid and base, the ionization of water has been calculated. 
The salts so investigated are sodium acetate at 318° by A. A. Noyes and 
H. C. Cooper ; ammonium acetate at 100°, 156°, 218°, and 306° by A. A. 
Noyes and Yogoro Kato and by R. B. Sosman; and the ammonium 
salt of diketotetrahydrothiazole, a very slightly ionized oi^antc acid, at 
0°, 18°, and 85° by C. W. Kanolt. The final conductance results will 
be found on pages 186, 188, 233 and 295. 

Table 144 contains a summary of the computed values of the per- 
centage hydrolysis of ammonium acetate in 0.01 normal solution, of the 
ionization-constant of water (defined by the equation Xw = Ch.Coh), 
and of the concentration (Ch or Cob) of the hydrogen-ion or hydroxide- 
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ion in pure water in equivalents per liter. (The value for anunoniutn 
acetate at 18° is not based on direct measurements, but is calculated from 
the results of Kanolt with the ammonium salt of diketotetrahydrothiazole. ) 

Table lU.^Hydrolysis of ammonium acelatt and ionuatioH of water. 
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It will be seen that the hydrogen-ion concentration in pure water 
increases with extraordinary rapidity between 0° and 100°; namely, by 
about 3 fold between 0° and 25° and T^S fold between 26° and 100°. 
Between the latter temperature and 218* the ionization increases more 
slowly, afterwards passes through a maximum (which appears to lie 
between 350° and 275°), and finally decreases. When it is considered 
that the ionization of weak acids and bases, as shown by the data for 
ammonium hydroxide, acetic acid, and phosphoric acid, decreases rapidly 
with rising temperature, and that this acts in the same direction in 
increasing the hydrolysis of salts as does an increase in the ionization of 
water, it will be evident that the tendency of salts to hydrolyze is enor- 
mously greater at high temperatures, as is well illustrated by the values 
given for ammonium acetate. 

The great increase in hydrolysis is also exemplified by the hydrolysis 
values for sodium acetate and ammonium chloride in 0.01 normal solution 
that can be calculated from the preceding data; these salts, which at 18° 
are 0.0^ per cent hydrolyzed, are found to be 1.6 per cent at 218* and 
3.4 to 4.1 per cent hydrolyzed at 306°. 

The fact also deserves mention that the values of the concentration of 
the hydrogen-ion in water at 0°, 18°, and 85' as derived fran these 
hydrolysis experiments are only 16 to 20 per cent lower than those obtained 
directly by Kohlrausch and Heydweiller* from the conductance of their 
purest water; thus proving that the ionization-constant of water is at 
any rate roughly the same when it is pure as when an ionized salt is 
present in it at a concentration of 0.03 to 0.05 normal. 

•Z. phys. Chem., 14, 330 (1B94). 
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From these ionization-constants (^w) approximate values of the 
internal-enei^-iDcrease At/ attending the reaction H,0=:H* + OH~ 
(the so-called heat of ionization) can be computed by the familiar equa- 

dlogKw MJ 

tion* derived from the Second Law of Energetics:—-™ = -pn 

This is best done by integrating it under the assumption that At/ is a 
linear function of the temperature as expressed by the equation At/ =: 
At/, + aJ?r. The integral then has the form : 

l0g^^-al0gj=- = -g- -.J.J- 

From the values of the tonization-constant K at 0°, 2'6', and 100", the 
values of the constants ^U„ and a have been found to be 28460 and 

— S4.9S3, respectively. Therefore, the general equation for the energy- 
increase attending the ionization becomes : 

At/ = 28460 — 49.6 r, 
and that for the ionization-constant becomes: 

logM(10"A:) = 84.460 — —■ — 84.923 log„ T. 

The values of the energy-increase in calories and of the ionization-constant 
of water as calculated by these expressions are given in table 14fi. 

*This equation ceases to be even approximately exact at high temperatures where 
the vapor-pressure of water becomes very large. The exact expression, which may 
be derived through the consideration of an appropriate cyclical process, is as follows: 

d{P/T) -1 

dT dr J 

where A(7 is the energy-increase and AF is the volume- increase that attends the 
ionization of one mol of water under the pressure f — P, which is substantially identi- 
cal with the vapor-pressure f, since the osmotic pressure P is in this case negligible 
in comparison. Approximate values of AF up to 140° have been computed by 
Tammann (Z. phys. Chcm., 18, 144. 1894) which show it to be equal to about —26 
ccm. at 140 , and since it is shown to be increasing at a rate roughly proportional 
to the compressibility of water, it probably has a value in the neighborhood of — 40 
c on. at 21S°. Assuming this to be the case, the last term in the above equation can, 
with the help of the existing vapor-pressure data, be shown to have a value of about 

— 170 calories at 218°, while the value of ^U as computed by the linear equation is 
4IS5 at 318*. Thus at temperatures above 200° this last term begins to form a sub- 
stantia) part of the whole. 



w=«T- ''y- +Ar.T- r^ 
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Table m.—Iniemal-eneTgy-increase attending the ionitation of mater a 
lion-constant caleulated by an empirical equation. 
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These values of the ionization-constant at 0°, 25°, and 100° necessarily 
agree with the directly determined ones given in table 144. It is of inter- 
est to note, however, that this is also true of the calculated value at 156°, 
which shows that up to this temperature the assumed equations hold true, 
and that therefore the values interpolated for the intermediate tempera- 
tures between 0° and 156° are doubtless substantially correct Even at 
218° the difference between the observed and calculated values (461 and 
612), though doubtless real, is not very large; it lies in such a direction 
as to indicate that the energy-change A(/ is decreasing at a more rapid 
rate at temperatures above 156° than at the temperatures below it. 

This is also shown by the fact that the ionization-constant at 306' 
is much less than at 218°, while according to the linear equation the value 
of At7 should become zero, and therefore that of the ionization-constant 
K should become a maximum, very near the former temperature, namely, 
at 303°. The real maximum value of the constant seems to lie tietween 
250° and 376°. Above this temperature A(/ assumes a negative value; 
and therefore the neutralization of completely ionized acids and bases 
would be attended by an absorption of heat. 

It may also be mentioned that at the lower temperatures, the calculated 
values agree well with the heats of neutralization directly measured by 
Wormann.t who found for hydrochloric and nitric acids when neutralized 
with potassium and sodium hydroxides as mean values 14,710 calories 
at 0° and 13,410 calories at 25°. 

It seems worth while to call attention to a possible theoretical explana- 
tion of the fact that water, unlike all other substances thus far investi- 
gated, continues to increase in ionization up to so high a temperature as 
250° to 275°. This phenomenon may well arise from the facts that water 

tDrude's Ann. Phys., 18, 793 (IMS). 
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at low temperatures is a highly associated liquid containing only a small 
proportion of H,0 molecules, and that this proportion increases rapidly 
with rising temperature. Therefore, even though the fraction of HjO 
molecules dissociated into H* and OH' ions may decrease steadily, yet 
the actual concentration of these ions continues to increase until a large 
proportion of the complex water molecules have been depolymerized. 
This explanation was suggested by Dr. H. T. Kalmus of this laboratory. 

Among the other results of these investigations, it deserves to be 
mentioned that, incidentally to the conductivity determinations, the specific 
volume of several solutions at 218*, 281°, and 306' was measured. That 
of the 0,002 normal solutions which can be regarded as identical with that 
of pure water, was found to be 1.187 at 218°, 1.337 at 281% and 1.437 at 
306°. By interpolating graphically from these results the value 1.305 is 
obtained for 270°. Ramsay and Young* found 1.188 at 218° and 1.300 at 
270°, the highest temperature to which their measurements extended. 

In addition to the conductivity researches at high temperatures, an 
investigation made by A. A. Noyes and Y. Kato of the ion-transference 
attending the electrolysis of solutions of hydrochloric and nitric acids at 
20° has been described in this publication (in Part XI). The investiga- 
tion was along the same lines as the one previously described by Noyes 
and Sammet.f Its main object was to determine what the value of the 
equivalent conductance of hydrogen-ion is and whether it varies to an 
important extent with the concentration. 

The results will be found summarized In the table on page 327. It will 
be seen that the transference number of the anion tn both nitric acid 
and hydrochloric acid decreases greatly as the concentration increases, 
and by a corresponding amount for the two acids up to 0.02 normal. 
This fact strongly indicates that hydrogen-ion, unlike the ions of neutral 
salts, increases in equivalent conductance or specific migration-velocity 
with increasing concentration, the magnitude of the increase being nearly 
five per cent between zero concentration and 0.02 normal. In deriving 
from conductivity data ionization values for largely ionized acids, it 
seems, therefore, most appropriate to divide the equivalent conductance 
at the concentration in question, not as usual by the equivalent con- 
ductance extrapolated for zero concentration, but by a value obtained 
by adding to the equivalent conductance of the anion that of the hydrogen- 
ion as derived from transference experiments at the same concentration. 
It is of interest to note that when this is done for hydrochloric and 
nitric acids at 20° their ionization is found to be nearly the same as that 
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of neutral salts of the same ionic type instead of being several per cent 
larger as is the conductance-ratio A/A« taken in the usual way. 

Reference may also be made to the measurements of Dr. Wilhelm 
Bottger, presented in Part X, of the solubility of some difficultly soluble 
salts. This constitutes only the beginning of a more extended investiga- 
tion of the solubility of substances at high temperatures by means of con- 
ductance measurements. Results have thus far been obtained at 100° 
with silver chloride, bromide, and sulphocyanate, whose solubilities 
expressed in equivalents per million liters at 100° and 20° have been 
found to be as follows : 
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In the preceding pages have been summarized the generalizations to 
be drawn from the results of these investigations, in regard to the beha- 
vior of the various types of chemical substances in aqueous solutions 
through a wide range of temperature. In conclusion, it seems, however, 
desiraUe to draw attention again to a theoretical principle of even more 
general import, which has been already presented in a previous article 
by the author as a conclusion apparently justified by a study of the 
then existing data; for this principle has now received a further con- 
finnation through the demonstration of the fact that certain purely 
empirical laws relating to the ionization of salts in water still continue 
to be valid, even when the physical condition of that solvent is greatly 
altered by a large change in its temperature. This principle is that the 
ionization of salts, strong acids, and bases is a phenomenon primarily 
determined not by specific chemical affinities, but by electrical forces aris- 
ing from the charges on the ions; that it is not affected (except in a 
secondary degree) by chemical mass-action, but is regulated by certain 
general, comparatively simple laws, fairly well established empirically, 
but of unknown theoretical significance; and that, therefore, it is a 
phenomenon quite distinct in almost all its aspects from the phenomenon 
of dissociation ordinarily exhibited by chemical substances, including 
that of the ionization of weak acids and bases. 

The most important facts leading to this conclusion are the approxi- 
mate identity of the ionization-values for salts of the same ionic type; 
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the existence of a simple approximate relation between the value of the 
un-ionized fraction and the product of the valences of the ions ; the small 
effect of temperature on the ionization of salts and a parallelism between 
the magnitude of that effect and the effect upon the dielectric constant 
of water ; the validity of an exponential relation between ionization and 
• concentration, which differs from that required by the mass-action, and 
which is approximately the same at all temperatures and for different 
ionic types of salts; and the fact that the optical properties and other 
similar properties of dissolved salts (when referred to equal molal quan- 
tities) is independent of this concentration and therefore of their ioniza- 
tion, so long as the solution is even moderately dilute. 

The molecular explanation of these facts and the mor« general con- 
clusions drawn from them would seem to be that primarily the ions are 
united somewhat loosely in virtue of their electrical attraction to form 
molecules, the constituents of which still retain their electric charges and 
therefore to a great extent their characteristic power of producing optica! 
effects and such other effects as are not dependent on their existence as 
separate aggregates. Secondly, the ions may unite in a more intimate 
way to form ordinary tmcharged molecules, whose constituents have com- 
pletely lost their identity and original characteristics. These two kinds 
of molecules may be designated electrical molecules and chemical mole- 
cules, respectively, in correspondence with the character of the forces 
which are assumed to give rise to them. Now in the case of salts and 
most of the inorganic actds and bases, the tendency to form chemical 
moleailes is comparatively slight, so that the neutral electrical molecules 
greatly predominate. On the other hand, in the case of most of the 
organic acids, the tendency to form chemical molecules is very much 
greater, so that as a rule these predominate. The facts, moreover, indi- 
cate that chemical molecules are fonned from the ions in accordance with 
the principle of mass-action,* but that electrical molecules are formed in 
accordance with an entirely distinct principle, whose theoretical basis is 
not understood. 

It is to be expected that with neither class of substances will the pre- 
dominating type of molecule be alone present; and that minor deviations 
from the mass-action law in the case of moderately ionized substances, 

The best evidence of this is that furnished t>y the change of the conductivity of 
slightly ionized electrolytea with the concentration ; but distributioa eicperiineiits also 
indicate it Thus it is proI>ab]e that as a rule the chemical molecules alone distribute 
into the gaseous phase or into organic solvents and that therefore the concentration 
of the substance in such phases is a measure of the concentration of those molecules 
in the aqueous solution; and the few experiments thus far published indicate that 
the latter is at least approximately proportional to the product of the concentrations 
of the ions. (Compare the e:q>eriments on picric acid by Rothmund and Drucker, 
Z. phys. Chem., 46, 836. 1003.) 
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and from the usual empirical law in the case of largely ionized substances, 
may well arise from the presence of a small proportion of molecules of the 
other type. In the former case, we may indeed with some confidence 
predict quantitatively that that proporiion of electrical molecules will 
always be present which corresponds for the type of substance in question 
to the concentration of its ions in the solution. 

A fuller experimental investigation of the properties of dissolved salts, 
especially of those of polyionic types, and of the phenomena of the solu- 
bility effect and the distribution into a gaseous or another liquid phase 
of ionizing substances, if combined with a thorough and persistent study 
of alt the available data, gives promise of suggesting a fuller theoretical 
explanation of this remarkable behavior of largely ionized substances in 
aqueous solution. Even if such a theoretical interpretation should not be 
discovered, one may at least hope to determine with greater accuracy and 
certainty the laws of the equilibrium between the ions and uo-ionized mole- 
cules, and between the two forms of the latter, in case their existence shall 
be more fully substantiated. It is my conviction that at any rate we have 
here to deal with a new kind of equilibrium phenomenon, and not simply 
with some deviation of a secondary nature, arising, for example from a 
somewhat abnormal osmotic pressure, or a change in the migration veloci- 
ties of the ions, as has been assumed by most authors. 



In conclusion I desire to express to the authorities of the Carnegie 
Institution my great indebtedness for the assistance rendered me in the 
prosecution of these researches; for without such aid the progress made 
would have been discouragingly slow. 

Research Laboratosy of Physical Chehistsy, 
Massachusetts Institute of Techkology, 
Boston, June, 1907. 
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